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Ab t ract (in Engli h) 
ucleic acids control the machiner of living cells through coding different 
biochcmical function . 1ctal ion pia} a critical role in inducing and tabilizing 
Jirferent 0 tructuml conformation through interacting \\ ith ariou sites on nucleic 
acid'. Interaction� arc controlled b\ the relative affinity of metal ion to\\ard the - J 
ncgali\ el) hargcd phosphate backbonc and donor nitrogen or OX} gen on nucleotide 
ba e .  e\cral tudics have ime tigated the interactions of metal ion with duplex and 
highcr order ON c nformation . The e interactions vary greatl}, from monovalent 
alkali ion that are primaril) delocalized in a diffu e cloud around duplex DNA to 
tran ition metal that are directl} coordinated to the nucleotide bases. 
The main objective in our \'vork was to study the interaction of trivalent metal 
ions \\ ith human telomer random coil ingle strand and GQ ON a \\ell as "vith 
double tranded cal f thy mu 0 nderstanding their mode of interactions. ability to 
indu s ondar) order 0 conformations and stabi I ization 0 f resu I tant structure are 
\ ital goals of this study. 
Tn this \York, \\e studied the interactions of 9 metal ions included lanthanide ions 
different 0 As. Investigations \\ere done using UV-Vis. fluore cence and circular 
dichroism techniques. The study was carried out in aqueous solutions using Tris buffer, 
pH 7.4. 
Results of UV-Vis. Circular dichroism and fluorescence measurements indicated 
that the trivalent metal ions interact with human telomere single strand random coil and 
G-quadruplex 0 A through guanine bases, at low concentration . Tri alent ions 
induced transformations of random coil 0 
Vll 
to antiparallel G-quadruple:'\. Re ult also 
indicated that ct-D interacted \\ ith lanthanide metal ion through an intercalation 
binding modes and \\ith a mixed binding mode including intercalations and electro tatic 
binding � r Rh� .0 Hand )+ . U I ns. 
The rc ults ga\ e insights n hm" trivalent metal Ion affect the conformations of 
difTerent D A strand' and ub equenlly contribute in controlling cell rna hinel") . The 
re ult are highl) Imp rtance for future designing f anticancer and anti-
neurodcgenerati, e drugs. 
Keywor d : CalC th) mu , G-quadruplex. ingle strand. random coil, trivalent ion , G-
quartet. telomere, binding mode, intercalation, Circular dichroism 
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Title and Abstract (in Arabic) 
ul.j-,::!�I �.J ��YI.J �LtJI j�.J �.J.:.lI1 (,$.J.J-i..ll �WI 6:H u�L.tJ1 �1.Jj 
C1 e , 
�\.iij� I �.ls.Al1 � � 
�\ 
�Y�.J Tri buffer JI c'1�,-! -,rLJI J)=....JI � �Iyll -:.,ii,j.J .(Circular Dichroi 01) -fyl�1 
7.4 �r=JI 
�yJI .J'... -sAl �jill C" Jc.LUi j9\S:i11 4..;i)(J �.h.....I1 uw.J:l'J' I .ji (Circular Dichr 01) If'yI�1 
� ,ouanine JI .=1.,3 J:h j.o (G-quadruplex) -.r,-!)I �yll.J (random coil 0 ) .",JI�I ::> 
1,\ 
t:" cl-D \ JI Jc.l.� .)1 ;: ..... Ul ,:.:L L.S .-;Jiu> ,?-ll ( -quadru[)lex) �L)I �jJI.)! 0 
J intercalation JI J" _ .... AbLu) I Ji,.S...::.1�.J intercalation JI J)l:.. Y �I "::"'1�li.i)lJI"::'" 'J:!i 
.... IJ.�l1 �.la....J1 "::"'liJ:! \ C" electrostatic JI 
ii! 0-= ;: ..... L:U\I ..:..utS.J ,�\ 1"Li,\ CI:W....\ � � ��I ..::..,L.,.J:!}I\ -u...t ,:?il\ .J.J.l!1 � 4.....-1�1 ..:.:1.Jl:..�.J 
.�\�\J.=UI��"::"'L.,.J:! I.� ,.=w�l�folI J'p�.,)I)��1 
� .=...>,.....J � �J..l1 � � J,w.....J1 � .syS �I .J..l .)fo .)1 � J,.a.ll 1.lA> J" ;j 0\"'" All ;:"",,\.:i..JI.J 
.�I 4�1 .JY".lJ.} 2ll�.J .)lby.J1 �Y' c)lc 
Acknowledgements 
J \\ ish to rai e a greate't gratitude to my super\. isor Prof. laa alem for his continue 
,,"upporting to acc mpli h m) the i ucce fully. ThereB re. J \."ould firmly appre iate 
his inten i"e effort . ontinue encouragement simplifying the pro e s until finalizing 
m) thesis \\hich \"ould ne er been forgotten. I \\ould also highl) thank my co-ad isor 
Dr Ihrahim bdou in pro\. iding me \\ ith all support during the . ecuting Ill) the is. I 
J1l1l t admit that I cannot forget the help pro\ ided by hmed Taha. Lastly. I cannot 
forget In) friend and lab members \\ ho ha e been ery helpful by encouraging me in 
order to reach a phenomenal lIcce . y great regard al a to my family \\ ho spent 
their night Over and upport me in making thi \-\ork done smoothly. 
'\\ 
Dedication 
To Illy helm'cd J7orcn/\ 011£1 my/ami!,v 
X11 
Table of Content 
Title ........ . . . . . . . . . . . . ........ . . . . ... . . .... . . . .. . . . . . .. . . ....... . . . ...... ..... . . . . .... . . . .. . .. . . . . . . . . . . . . . . . . . . . ......... . ... .... . . .. i 
De laration of riginal Work .. . . . . . . . . . • . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  11 
pyright. ......................................................................................................................... i i i  
ppr aJ f the Master The i ......................................................................................... i 
b tract (in ngli h) ........................................................................................................ vi 
Title and b tract (in rabic) ........................................................................................ i i i  
ckn wI dg ment ........................................................................................................... x 
edication ........................................................................................................................ xi 
Li t of Table .................................................................................................................. xvi 
Li t of Figure ............................................................................................................... x i i  
Li  t o f  bbre iation and Acronym ......................................................................... xxviii  
H PTER 0 E . . . . ........ . . . .... . . . . . ...... ............................ . . . . ... . . . . . . . . .... ............ . . .. . . . . . . . . .... . . .... 1 
INTRODUCTION .... . . . . . ..... . . . . ..... . . . . .. . . ... . . ............ ..... . . . . . . . . . ......... . . . ....... . . . ....... . ...... . . ..... 1 
1.1 Background of DNA . . . . ..... . . ..... ..... . . ..... . . . . . .............. . . . . . . .. . . .... . . . . . ...... . . .. . . . . . . . . . . . .. . . .... 2 
l.2 ucleic-Acid tructures and Properties ........... .... . . . . . . . . . . . . ....... . . .. . . .. . . . . . . . . ........ . ..... . .  3 
1.3 G-quadruplex (GQ) DNA .. .... . . .... ......... .. . . ... . . . . ........ . . . . . . . . . . . ..... . . .... . . . . . . . .. . . . .  · ... . . . . . . . .. 6 
1.4 Telomere and telomera e . . ........... ......... ...... . .. . . . . . . .. . . . . . .. . . . . . ............... ...... . . . . . . . ......... 7 
1.5 Folding topologie of GQs . . . ..... . . .... . . ... . . .. . .. .. . . .. . . .. . . ..... ..... . . . . .. . . . . .... . . . . . . . . ...... . . . . . . . .  10 
1.6 tabilitie of GQs' structures ................................................................................ 12 
l .  7 Interactions of metal ions w ith nucleic acids .... . . . . . .. . . . ........ ...... . . . . .... ..... . . . . .... . . . . . . .  15 
l.8 Interactions of metal ion with GQ DNA ............................................................. 20 
1.9 Kinetics of b inding .... . . .. .... . . . . . . . . ..... ......... . . ...... . ... . . . . . .. . ... . . . . . . . . . . . .. . . . . . . . .... .. . . . . . .. .... . .  23 
1.10 Brief de cription of lanthanide ions ............ ...... . . . . . . . . ........ . . . .. . . . . . . . . . . . .................. 24 
1.11 Analytical techniques used in studying metal ions interactions with DNA . . . . .. . .  26 
1 . 1 1 . 1  l 
III 
- IS Spl.! tromctn _ . . . . . . . . . . .. . . .. . .. . . .. . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . 26 
1 . 1 1 .2 Fluorescence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 
I .  I 1 . 3 ircular diochrisim ..................... ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _8 
1 . 1 2  literature uIYe) . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
( I I \P1 I R r\\ () . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
1 \ I l RI \ 1 S \ [) \I I I llOD . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
2. I laterial.., and Reagents � . . . . . . . . .. . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 I 
. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 2.2 Apparatus . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . .  5 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5_ 2.3 P reparation of standard solutions ' 
2 . .... . 1 Buffer' . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . 52 
2.3.2 0 .\ solution . . . . . . . . . . . . . .. 5' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -
2.......... letal ion solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . .  53 
2..+ letal ions - D A interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  
2"+. 1 isible e\.periments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  53  
2.4.2 D e:-..perinlcnt . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . .  54  
2..+.3 Fluorescence e:-..periment of Tb H ion . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . .  55  
2..+. .+ Determination of binding coefficients . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . .. . . .. . . . . .  55  
2..+.5 electi\ it) coefficient of tri\alent metal ions' interaction \\ ith 0 . . . . . . . . . . . . . .  57  
2..+.6 1elting temperature cur\e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . .. . . . . . . . . .  5 8  
2. .+ .7 Effect of time on formation of Metal- 0 omplex . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  59 
HAP T R THREE:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
RE LT 0 0 1 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
3 . 1 pectral studie on interactions of trivalent metal ion \\ith 0 . . . . . . . . . . .  6 1  
3 . 1 . 1 Effect of pH on ab orbance of tri alent metal ions . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . .  6 1  
3 . 1 .2 I nteraction of tri\alent metal ions \\ ith human telomere random coil 0 · . . . . 68 
3. 1 .3 Interaction of trivalent metal ions \\ I·th I I GQ D 1uman te omere 
XI\ 
. . . . . . . . . . . . . . . . . .  80 
".2 Interaction of tri alent metal ion \\ith ulf th) mu D (ct-DN ......... .......... 96 
3 .2. 1 Interactions f lanthanide metal ions \\ ith ct- D using CD pectroscop) . . . . .  96 
"'I I . f l . -' . -.� nteractl ns 0 1eaV) metal Ions \\ith ct-DNA u Ing V-Vi spectro cop) . . . .  1 00 
3.2.3 toichiometric ratios of trivalent metal ions to ct-D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 0 
3 .2A Binding con -tant of trivalent metal ion \\ ith ct-D A . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  1 1 2 
3.2.5 Melting temperature curves of ct-D A in absence and presence of trivalent ions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 5 
3.2.6. !Tect of time on ct-D A - metal complexe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9 
3 . 3 .  Interaction of trivalent metal ions \\ith GQ using CD spectrometer . . . . . . . . . . . . . . . . . .  1 20 
3 . 3 . 1 toi hiometri ratio of tri alent metal ion to GQ D A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 30 
3 . 3 . 2  Binding constants of trivalent metal ions \\ ith GQ DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 30 
3 . 3 .3 1elting temperature curves of GQ D A in absence and presence of trivalent 
ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 1  
3 .3A Effect of time on formation GQ DNA in absence and pre ence of trivalent ions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 
3 .4 Interaction of tri alent metal ions with random coil DNA using CD and UV-Vis 
pectrometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 38 
3 .4 . 1 tructural transition of human telomere sequence AG3[T2AG3h from random 
coil to GQ conformation by trivalent metal ions ......................... .............................. 1 38 
3 .4 .2 Stoichiometric ratio of tri alent metal ions to teloll1eric random coil DNA . . . .  1 47 
3A.3 Binding constant of trivalent metal ions telomeric random coil DNA . . . . . . . . . . . . .  1 ..t9 
3 .4 .4 Melting temperature cur es of random coil DNA in absence and presence of 
Gd3+ ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 52 
3 .4 .5  Effect of K+ ions on human telomere GQ induced by trivalent metal ions . . . . . .  1 56 
3.4.6 Effect of time on formation of GQ induced by Gd
3+ and Au3+ ions in absence of 
K+ ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 1  
X" 
3.5 1nteracti n of rb 
'. ion \\ ith 0 using fluorescence spectra COP) . . . . .. . . .. . . .. .. .. .  1 62 
3.5. 1 Interaction of Tb H ions \\ ith ct-D uSing and fluore cence 
spectr SCOP)······ . . .. .. . . . . . . . .. . . ... .. . . . .. . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . ... . . . .. . . . . . .. .. . . . . . .. . . . . . . . . 1 63 
3.5.2 Interaction of Tb3• ion with human telomere GQ using fluore cence 
spectrosc P) . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . .... . . . . . . . . . . .  1 70 
3 .5.3 I nteraction of GQ 0 \\ith equimolar Tb3+ and Gd3+ ions ............................ 1 75 
3.5..+ Enhancement of Tb3+ -GQ's fluorescence yield by Gd3+ ions .......................... 1 76 
IIA P ' T R FOUR 1 78 , . . . . . . . . .. . . .. . . . . . .... . . . . . . . . . . . . . . .. . .. . . . . . . . ... . . . . . .. ... . . .. . . . . .. . . . . . . . . . .. . . .. . . . . . . . ... . .. . . . . .  . 
co LU 1 0  . . . . . . . . . . . . . . .. .. . . . . . . . .. . . . . . .... . .. . . . . . ... . .. . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  .......... 1 78 
Bibliograph . . . . . . . .. .. .. . .. .. .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  .......... 1 82 
Appendices . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  196 
List of Tables 
Table I .  hara teri ti s of different helical forms of 0 
• \ I 
............................................... 5 
fable 2. Q folding of the comm n human t lemetric sequences in pre ence of K+ or 
a Ions ..... .... . . . . . . . . .. . . .. . ..... .. . .. . .. .... . . ... . . . . . . .. .. . . . . . .. . ... . .. . . . . . .. . .. . .... . . .. . .. . . ... . ..... ....... . . . . . . . ..... . .  1 J 
Table 3. Preferable binding it of ome ions [81 ] ......................................................... 18 
Table 4 .  ummarized feature of CD spectra for different GQ topology [ 1 22] .............. 3 1  
14-
Table 5. oncentration of 1 ions. molar ratio and number of ions per ct-D base 
pair u d in recording melting temperature curves. Concentration of ct-D used is 
5x I 0-9 M .... . . . ... . . . . . . . .. . ... . . . .. . . . . . . . . ... . . . .. ...... . . . . . . ... . ... . . . . . .. ... . .. . . ... . . . . . . .. . . . . . . . . . . . . . . ... . . . . . . . . . . ..... . .  59 
Tabl 6. hange in ab orbance and Ama . of tri alent metal ions in 10.0 mM Tris-HCI 
buller at pH 6. - -8.5 ....................................................................................................... 68 
Table 7. E timated molecular weight of single base pair and calculated base pair per 
each ct-D molecule ( 1 07 Da) . .. . .. ... . . . . .. . . . . . . . . . . . . ....... . . ... . .. . .. . . . . .. . . . . .... . .. . . . . . . . . . . ............ 1 02 
Table 8. Stoi hiometric ratios. binding con tants and melting temperatures of ct-DNA 
and it complexe with trivalent ions. toichiometric ratios are gi en for the number of 
metal ions per D and per ba e pair of ct-D ......................................................... 1 1 3 
Table 9. Molar ratios and melting temperatures of ct-DNA with tri alent rare earths and 
hea'\)- metal ion ............................................................................................................ I 1 8  
Table 1 0. toichiometric ratios. binding constants and melting temperatures of human 
telomere GQ interactions \ ith tri alent ions ................................................................. 132 
Table 1 1 .  Summarize the stoichiometric ratio, binding constant and melting temperature 
of [ M3+/ random coil D A] ........................................................................................... 1 55 
Table 1 2. Concentrations of K+ ions and GQ used in investigating the effect of K
+ ions 
on GQs induced by mixing equimolar concentrations of M
3+ and D A, M3+:DNA ( I : 1) 
.... . ... . . . . . . . . . . . .. . . .. . . . . . . . . .... . .. . .. .. . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . .. . . .. . . .
. . .. . . .. . . . . . . . . . .. . .. .. . . . .. . ..... . .. . . . . . .. . ...... 1 59 
Table 1 3. Slopes of the calibration curves of trivalent ions calculated from changes in 
CD intensities at 295nm and 265nm . . .. . . . . . . ... . . . .. . . . . . .... . .. . .. . . . .. . . . . . .. . ... . . . . . . . . . . .... . . . . . . . . . .... . .  1 60 
Table J 4. electi ity coefficients of K
+ ions on trivalent GQs based on CD 
measurements at 295and 265nm at different folds of K
+ ions .......... . . . . . . ........ . . . . . . . . . . ... . .  1 60 
XvII 
Li t of  Figure 
I"igure I .  ci nti fic e em of D A since 1 944 from reference [ I  I J ................................. 3 
hgure 2. Double hel ical forms of D [ 1 2] . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .4-
Figure 3. Watson and rick base pair "ith  major and minor sites cheme bet \\een base 
pair . a) Three H-bond bet \\een G-C . b) T\\o H-bonds bet \\een -T [ 1 7] .................... 6 
r'igure..f. 
FOllr Guanine base form G-quartet·tructure .................................................... 7 
Figure . chematic image of a) telomere b) telomerase enzyme [30, 34J ...................... 9 
Figure 6. Typ of GQ structure (a Parallel tetramolecular (b) nti-parallel 
bimolecular and (c)  Anti-parallel unimolecular [49] ....................................................... 1 2  
Figure 7. Different GQ tructurers of a )  tetramolecular trands. b) bimolecular strands 
and c) unimol cular strands [2� ]  ...................................................................................... 12 
Figure 8. Relationship bet \\een melting temperature and ionic radius of -ome alkali and 
alkaline earth metal ion [54] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  
Figure 9. Modes of metal ions' interactions \ ith nucleic acid, a)  Diffuse, 110n- specific 
intern tion. b) localized interaction. c) Site-bound interaction [9 1 ]  ................................ 1 9  
Figure 1 0. ites of metal ion binding on 0 A[d(TpCpGpA) ]3' [92] ............................ 1 9  
Figure II. chematic representation of a+ and K+ ions bonding with an intramolecular 
h uman telomeric GQ 0 A within and bet \\eel1 G-quartet respectively [27 ]  ................. 22 
Figure 1 2. Binding modes of mono-, di- and tri-valent cations ill G-quartet structure. 
The bar indicates G-quartet plane [95 ]  ......... ................................................................... 22 
Figure 13. lIlu tration of t he relation between dodecamers and octamers' relati e 
abundance and ionic radii of selected trivalent lanthanides ions. Ionic radii counted 
using coordination number 8 [95] .................................................................................... 23 
Figure 1 4. Ionic radius of tri alent Lanthanide ions as a function of coordination number 
(a) and (b) from two independent studies [99] ................................................................. 26 
Figure 15. V absorption spectra of mononucleotides, single strand (random coi I )  and 
double helical DNA with equal concentration [1 1 5] ....................................................... 27 
Figure 1 6. Summarized scheme of CD and L D  spectroscopy [ 1 18] ............................... 29 
X\ III 
figure 1 7. 0 spectra of 0 before the structural changes in da h line and after 
additi n of four alkaline-earth metal ion (Mg2+, Ca:::+, r2+ and 8a2+), holding the ratio 
between [ M2+/D J = 0.77, in 01 ent 2 mM Hepes. pH 7.5 at 200 [125] .................. 34 
l- igur 1 8. Ellipticit) of calf thymu 0 A at 275 nm versus the cation radiu of 192+. 
a2 . r2+ and Ba2., ions [125 ] ......................................................................................... 34 
Figure 1 9. lnt raction of Zn2+ ion with Th) mine and Guanine in double helical 0 A 
[ 1 39. 140] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
Figure _0. tructure of Hg2+ i n binding \\ ith th) mine bases in t\\O strands [143] . . . . . . . .  37 
Figure 21. (A) CD pectra of titrated 1 60 bpct-D with different concentration of 
o( H3)03+. The m lar ratio of [ o(NH)o3+/D A]  is( I )  0, (2) 0.098, (3) 0.197, (4) 
0.216, (5) 0.256, (6) 0.275, ( 7) 0.295, (8) 0.3 1 4, (9) 0.334. (10) 0.353.0 Aconcetration 
= .., mM in 5 m 1C I, 0.2 mM Cs HEPES at pH 7.3. (8) CD pectra of 3000-8000 
bpct-D in 5 m CsCI, 0.2 mM C H EPE at pH 7.3 \\ ith different concentration of 
Co H3k1 increased b the line number increa e range from 0- 0.37 [ 76 ]  ................... 39 
Figure 22. Titration of 1 60bp 0 A and 3000-8000 bp ON \ ith Co(NH3)03+ using 
Circular Dichroi m (CD) at 270 nm [ 76 ]  ........................................................................ .40 
Figure 23. Variation of T m of 0 A solution as a function of divalent metal ion 
concentration [ 1 32 ]  .......................................................................................................... 40 
Figure 24. The structure of the chair type quadruplex structure of d(GGTTGGTGTGGT 
TGG) and the binding ites of t\vO K+ ions (left).The arrangement of dG residues in each 
quartet of the cha i r type is syn-anti-syn-anli (right) [ 16 ] ]  .............................................. .43 
Figure 25. UV melting temperature cur es of 2.5 mM d(GTG3TAG}CG3TTG2) in buffer 
solution (1 OmM ME ITris, pH 6. 1 )in presence of 0.5mMPb(N03)2 at 303nm, 50 mM of 
a 03 or K 03 at 295nm [36] ...................................................................................... .44 
Figure 26. CD pectra of AG3(T2AG3)3in absences and presence of different 
concentration of Zn2+ions. The concentration of AG3(T2AG3)3 i 4 ).lM, and the 
concentration of Zn2+ is (A) 0 (solid), 3 (da h), 9 (dot) and 1 5  ).lM (dash dot) or (8) 0 
(solid), l5 (dash),30 (dot), 45 (dash dot), 1 00 (dash dot dot) [177] ................................ .46 
Figure 27. CD titration spectra of 20 ).lM22AG with different concentration of 
[ (dmb)2Ru(obip)Ru(dmbht+ in 1 0  mM Tris-HCI. (a) 0 ).lM, (b) ] ).lM. (c) 2 ).lM, (d) 4 
).lM, (e) 6 ).lM, (f) 8 ).lM, (g) 1 0  ).lM, ( h) 12 ).lM, (i) 14 ). lM [ 1 84 ]  ................................... .48 
XIX 
F igure 28. lect i i t )  le t f [ (dmbhRu(obip)Ru(dmbh]4+ comple. to\\nrd d ifferent 
o [ J84] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  48 
F igure 29. - i abo rpl ion pect ra of e1+ ions from eCI3 (7 .  x l04M) in  1 0.O mM 
Tris-HCI bu ffer i n  the p i  I range 6.5-8.5 .......................................................................... 63 
. igure "'0. - i nbs rpt ion spectra of m3+ ions from m(CI04)3 (2.5x 1 0.
2 M )  i n  
1 0.0 m 1 Tri - II  I bu ffer i n  the pH range 6.5-8.5 ........................................................... 64 
F igure 3 1 .  UV - i ab orpt ion spectra of Gd3+ ions from GdC I3 (3.9x 1 O·
:! M) i n  1 0.0 
m 1 Tri s-H I bu lTer i n  the p i  [ range 6.5-8.5 ................................................................... 64 
F igure 32. U -V i  ab orpt i on spectra o f Tb3+ ions from TbCI3 (2 .5x I 0'3 M) i n  1 0.0 mM 
Tri -H I bu ffer i n  th pH range 6.5-8.5 .......................................................................... 65 
F igur  r. U - i ab orpt ion spectra of 0/+ ions from D) C I3 (2.0xl0·
3 M i n  1 0.0 
mM Tri -H I bu ffer in the pH range 6.5-8.5 ................................................................... 65 
F igure 34. -V i s  ab orpt ion spectra of Ho3+ ion from HoCI3 (3.0x 1 0.
2 M) i n  1 0.0 
m 1 Tri -HC I  bu ffer i n  the pH range 6.5-8.5 ................................................................... 66 
F igure 35. U -V i s  absorpt ion spectra of Au3+ ions from AuCI 3 ( 5 . 0x 1 0.
5 M) i n  1 0.0mM 
Tri -HC I buffer i n  the pH range 6.5-8.5 .......................................................................... 66 
F igure 36. V- is  ab orpt ion pectra of ° 3+ ions from OsC I3 (8.0x 1 0.
5 M) i n  10.0 mM 
Tris-HC I  buffer i n  the pH range 6.5-8.5 .......................................................................... 67 
F igure 37. U V  -V i s  absorpt ion spectra of Rh3+ ions from Rh(N03)3 (4.0x I 0.
5 M) in 1 0.0 
m 1 Tri s-HCI buffer i n  the pH range 6.5-8.5 ................................................................... 67 
F igure 38. V-V i s  absorpt ion spectra of AG3(T::>AG3)3DNA (4x I 0·
6 M) t i trated wi th 
Ce3 ( 5?" 1 0'" M; O. 2. 4 6, 8,  1 0, L, 1 4, 1 6, 1 8, 20, 26, 32, 38, 44, 50, 60, 70,  80, 90, 
1 00. 1 20, 1 40. 1 60, 1 80, 200, 220, 240,260, 280, 300,320, 340,360, 380 and 400 � I ). 
Titrat ion wa run i n  1 0.0 m M  Tri s-HC I .  pH 7 . 5  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1 
F igure 39. U V  -V i s  absorpt ion spect ra of AG3(T2AG3)3DNA (4x I 0.
6 M) t i t rated wi th 
m3+ (5x I 0·-1 M; 0, 2,  4, 6,  8, 1 0, 12, 1 4, 1 6, 1 8, 22, 26, 36, 46, 56. 66, 86, 106, J 26. 
1 46, 1 66, J 86, 206. 226, 246 266, 286 and 306 � I ) .  Ti trat ion \ as run i n  10.0 m M  Tris-
HC! ,  pH 7 . 5  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · · · · · ·  . . . .  · ·  . . . . . . . .  · ·  . . . . . .  · · ·  . . . . . . . . . . . . . . . . . . . .  72 
. X  
F i gure 40. - i ab o rpt ion pectra of G3(T� G3hD (4x I 0-0 1) t i trated \ \- i th 
Gd3+ (5): I 0-1 M ;  0, 2 ,  4, 6, 8. 1 0. 1 5.20 30, 40, 50, 60. 80, 1 00, 1 20, 1 40. 1 60, 1 80. 200 
220. _40. 260. 280. 300. 350 , 400, 450 and 500 � I ) . T i t rat ion \\ as run in 1 0 .0 mM Tris-
I I L p i  I 7 . 5  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  73 
F igure 4 1 .  U - is ab rpt ion spectra of J(T2 G3 )3D A (4x I O·6 1 t i trated \ i th 
Tb 1� ex 1 0-1 1; O. 2 ,  4. 6, 8 .  1 0. 1 2, 1 4, 1 6, 1 8 , 20, 26. 32. 38.  44. 50. 60, 70, 80, 1 00. 
1 20. 1 40, 1 60, 1 80, 200. 260 and 300 Il l ) . T i trat ion \\ as run i n  1 0 .0 mM Tri -He l ,  pH 
7 .5  at ro m temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 
F igure 42 . V-V i  absorpt ion pectra of AG3(T�AG3 )3D A (4x I O·
6 M) t i t rated with 
D) " ( 5x  I 0-1 M; O. 2 ,  4, 6, 8, 1 0, 1 5 , 20, 30, 40, 50, 60, 80, 1 00,  1 20, 1 40, 1 60,  1 80,200, 
220. 240, _60, 280, 300,  3 50,  400. 450 and 500 Il l ) . T i tration \\ as run in 1 0.0 mM Tris-
H L pH 7 . 5  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
F igure 4'. U - i absorpt ion spectra of G3(T2 G3hD A (4, 1 0.6 M )  titrated wi th 
1-103+ (5x 1 0-1 M: O. 2 , 4, 6, 8 ,  1 0, 1 2 , 1 4  1 6, 1 8 , 22, 26, 30, 34 42.  52,  62, 82. 1 02, 1 22, 
1 42. 1 62, 1 82 , 202, 222, 242, 262, 282, 302,322 and 342 � I ) . Titrat ion was run i n  1 0.0 
m 1 Tri  -HC!' pH 7.5 at room temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
F igure 44. - V i  ab orpt ion spectra of GJ(T� G3) 3 D A (4x I 0·6 M) titrated", i th  
Au3+ Cx I O-1 L (0 ,  2. 4.6 , 8 , 1 0. 1 2, 1 4, 1 6 , 1 8 , 20, 26, 32. 38 , 44, 50.70, 90, 1 1 0, 1 30 
1 50,  1 70,  1 90,  2 1 0. 230, 2 50,  300, 350 and 400 Il l ) . Titrat ion was run i n  1 0.0 m M  Tris-
He! ,  pH 7 . 5  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77  
F igure 45 .  U V-V i s  absorption spectra of AG3(T2AG3 )JD A (4x l O·6 M )  titrated with 
o 3+ ( 5:\ I 0-1 M; 0, 2, 4. 6, 8, 1 0  20, 30, 40, 60, 80, 1 00, 1 50,  200, 300 and 400 � I ) . 
T i t rat ion v.a run i n  1 0 .0 m M  Tr is-HCI, pH 7 . 5  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
F igure 46. U V-V i s  absorpt ion spectra of AG3(T2AG3 )3DNA (4x I 0.6 lVl) t i t rated \\  i th 
Rh3+ (5x 1 0-1 M; 0, 2 .  4, 6, 8, 1 0, 1 5, 20, 30, 40, 50, 1 00, 1 40, 1 80, 220. 260, 280,  300, 
350 and 400 Il l ). T i t rat ion was run in 1 0.0 mM Tris-HC!' pH 7 .5  at room temperatu re .79 
F igure 47 .  V-Vis  t i trat ion o f  GQ DNA; seq uence AG3(T2AGJ )3 (4x l O·6 M) t it rated 
\\ i th  Ce3+ ions (0, 1 20, 1 40, 1 60, 1 80, 200, 220, 240, 260, 280, 300, 350 and 400 Il l ;  
5x 1 0-1 M )  i n  1 0  m M  Tr is-KC I ,  pH= 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
r igure 48 .  
\ ith 1 
. Ion 
XXI 
-V i  t i t rat i n of GQ D : equence GJ(T:, G3)3 (4x I 0-6 ) t i t rated 
(0 .  1 0. 1 5 . 20. 25 .  30. 40. 50. 60. 80 and 1 00 ilL 5x 1 0-1 1) in 1 0  m M  
rri  -KC L pH= 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
F igure 49. - i t i trat ion of Q D ; equence AG}(T"2 G3)3 (4 ,  1 0.6 M) t i t rated 
\\ i th e1 ion (0 .  2 .  4. 6. . 1 0  Ill; 5x 1 0-4 M )  i n  1 0  m M  Tris-KCL pH= 7 .4 at room 
tern perature . . . ... . ....... . . . . . . . . ...... . . . . . . . . .... . ... . . . .... . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
figure 50 .  V- i t i t rat ion of GQ D ; sequence AG3(T2AG3)3 (4x I 0·6 M )  t i t rated 
\\ i th c m
3+ ion (0 .  2 ,  5 ,  1 0. 1 5  20. 25,  "0 40. 50, 60. 80. 1 00. 1 20, 1 40, 1 60, 1 80, 200, 
2_0. 240, 260. _80. 300, 350 and 400 Ill; 5x I 0·-1 M )  in 1 0  mM Tris-KC I .  pH= 7 .4 at 
rooln ternperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
f i gure 5 1 .  V-V i  t i t rat i n of Q D A; sequence AG3(T2AG3)3 (4xlO'6 M )  t i t rated 
\\ i th Gd3+ ion (0.  2. 5. 1 0, 1 5  20, 25 ,  30, 40. 50. 60, 80. 1 00. 1 20. 1 40. 1 60. 1 80. 200, 
2_0. 2-1-0. 260. 2 80.  300, 350  and 400 Ill; 5 ' 1 0.4 M )  i n  1 0  mM Tris-KCI , pH= 7 .4 at 
rOOlll telnperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
F igure 52 .  V-V i s  t i t rat ion of GQ DNA; sequence AG3(T"2AG3)3 (4xlO·6 M)  t i t rated 
\\ i th Tb
3+ ions (0 .  2. 5, 1 0. 1 5 . 20. _5, 30.  40, 50, 60. 80. 1 00, J 20, 1 40. 1 60, J 80. 200. 
2_0. 240. 260. 280.  300. 350 and 400 Ill; 5x 1 0.4 M) in 1 0 m 1 Tris-KCI . pH= 7 .4 at 
room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 
F igure 5 3 .  V- i t i trat ion o f GQ D A; sequ nee AG3(T2AG3)3(-1-xlO·6 M )  t i trated wi th 
0/+ ions (0 .  2 .  5 .  1 0. 1 5 . 20, 25  30.  40. 50, 60, 80, 1 00, J 20, 1 40, 1 60. 1 80, 200. 220, 
2-1-0. 260. 280.  300. 350  and 400 Ill; 5x 1 0.4 M )  in 1 0mM Tris-KCI .  pH= 7.4 at room 
tenlperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
F igure 54. V-V is  t i t rat ion of  GQ D ; sequence AG3(T2AG3)3 (4x I 0'6 M )  t i t rated 
\\ i th H0
3+ ions (0,  2. 5. 1 0, 1 5 , 20. 25.  30. 40. 50, 60. 80. 1 00, 1 20, 1 40. 1 60. 1 80. 200, 
220. 2-1-0. 260. 2 80, 300. 350  and 400 Ill; 5x I 0 .. 1 M )  i n  1 0  mM Tris-KCI, pH= 7 .4 at 
room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1 
F igu re 5 5 .  U V-V i s  t i t rat ion of GQ DNA; sequence AG3(T2AG3)3 (4x I 0'6 M )  t i t rated 
\\ i th Au
3+ ions  «0, 2. 4, 6, 8, 1 0, 1 2 , 1 4, 1 6, 1 8 . 20. 25, 30, 40, 50, 60, 80 1 00, 1 20, 1 40 
1 60. 1 80, 200. 250. 300, 350  and 400 Ill; 5x  1 0-1 M )  i n  1 0  m M  Tr is-KC I ,  pH= 7 .4 at room 
temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
92 
XXI I 
F igur 56 .  Y- i t i t rat ion of GQ 0 A :  equence AG3(T2 G3)3 ( 4x I 0-6 M )  t i t rated 
w i th 1+ ions (0.  � ,  5, 1 0. 1 5, 20, 25, 30. 35 , 40, 45.  50. 55. 60. 70. 80. I 00. 1 20, 1 40, 
J 60. J 80. 200. 220. 240. 260. 280.  3 00 . .., 50 and 400 fl l :  5x J 0-1 M )  i n  J 0 mM Tri -KCl .  
p I  1- 7 .-t a t  room tem perature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
F i gure 5 7 .  V- i t i t rat ion of  GQ 0 A :  equence AGlT2AG3)3 (4x J O·6 M )  t i t rated 
\\ ith Rh H ions  (0 .  J O. 1 5 . _0 .  30.  40. 60 .  80 .  90. 1 00. J 20, J 40 .  1 60. 1 80. 200, 220. 240, 
260. 280. " 00. 350  400. 450. 500. 5 50  and 600 fl J :  5 - 1 0-1 M )  i n  1 0  m M  Tris-KC I .  pH= 
7.4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
F igure 58 .  V-V i st i t rat ion of OS3+ ions (2 . 5  X I 0.5 M )  w i th GQ 0 A sequence 
�(T2AG, ) "  (0 ,  2 ,  4 ,  6 ,  J 0 ,  1 5 . 20, 30  40, 50 .  60  and 80  fl l ;  1 .3x  1 0-1 M )  i n  1 0m 
1Tri - K I .  pH= 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
F igure -9. C D  t i t rat ion of ct-D A (50 ppm; 5x 1 0.9 M) with Ce3+ ions (0. 2. 4, 6, 8 .  1 0, 
J 2. 1 4. 1 6. 1 8 . 20. 22 ,  24, 26, _8, 30,  32 and 34 fl l of 1 0.2 M )  i n  1 0mM Tris-HCI ,  pH= 
7 ,4 at room temp ratu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 02 
F i gure 60. CD t i t rat ion of  ct-D A (50  ppm : 5x  1 0.9 M )  w i th m3+ ions (0. 2, 4, 6. 8, 1 0, 
1 2 . 1 4 . 1 6 . 1 8 . 20. 22 .  24 and 26 fl l of 1 0.2 M )  i n  1 0  m M  Tris-HCI ,  pH= 7 .-t at room 
temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 03 
F i gure 6 1 .  C D  t i t rat ion of  ct-D A (50  ppm: 5x  1 0.9 M )  \. i th Gd3+ ions (0, 2 .  4, 6, 8, 1 0, 
1 2, 1 4. 1 6. 1 8, 20, 22,  24, 26, 28 .  30, 32 .  34 and 36 fl l of 1 0.2 M )  i n  1 0  mM Tris-HC I .  
pH= 7 .4  a t  room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 03 
F igure 62 .  0 t i t rat ion of ct-DNA (50  ppm : 5x  J 0.9 M )  w i th Tb3+ ions (0, 2, 4, 6, 8, 1 0, 
1 2. 1 4. 1 6. 1 8, 20, 22 and 24 fll of 1 0.2 M )  i n  1 0  m M  Tris-HCI ,  pH= 7.4 at room 
temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 04 
F igure 63 . C D  t i t rat ion of ct-D A ( 50  ppm: 5x  I 0.9 M )  wi th  0/+ ions (0, 2. 4, 6. 8, 1 0. 
1 2. 1 4. 1 6. 1 8. 20. 22, 24. 26  and 28  fl l of 1 0.2 M )  i n l O  mM Tris-HCI ,  pH= 7.4 at room 
temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 04 
F igure 64. C D  t i t rat ion of  c t -DNA (50  ppm; 5x  I 0.9 M )  with H03+ ions (0. 2, 4, 6, 8, 1 0, 
1 2. 1 4. 1 6. 1 8  and 20 fl l of  1 0.2 M )  i n  I 0 m M  Tris-HCI ,  pH= 7 .4 at room temperatu re 1 05 
Figure 65 .  C D  t i t rat ion o f  ct-D A ( 50  ppm; 5x I 0.9 M )  wi th  Au3+ ions (0, 2, 4, 6, 8, 1 0, 
1 2. 1 4. 1 6, 20 and 22  fl l  of  1 0.2 M ) i n  1 OmMTris-HCI ,  pH= 7 .4 at room temperature . .  1 05 
I I I  
F igu re 66. D t i trat ion o f  ct-D ( 5 0  ppm; 5x  I 0.9 M )  wi th OS3+ ions (0. 2 .  4 .  6 .  8 .  1 0, 
1 2 , 1 4 . 1 6, 1 8 , 20. 22 and 24 /.1 1  of 1 0-:� M )  i n  J OmMTris-HCI ,  pH= 7 .4 at room 
temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 06 
[· igure 67 .  D t i trat i n f ct-DN (50  ppm : 5x I 0.9 M )  \ i th Rh3+ ions (0. 2. 4, 6, 8, 1 0. 
1 2 . 1 4 , 1 6. 1 8 , 20 and 22 /.1 1  of I O-:� 1 )  i n  I OmMTris-HC I ,  pH= 7.4 at room temperature 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 06 
F igure 68 .  V - i ab orpt ion t i t rat ion of ct-DNA (50 ppm ; 5x  1 0.9 M )  V. i th u3+ ions 
(0. 2 4 ,  6. 8 .  1 0, 1 2 , 1 4  1 6. 1 8, 20. 22, 24, 26, 28,  30, 35 and 40 �I of 1 0.2 M) i n  
1 0m 1Tr is- I I C I . pH= 7 .4 a t  r om temperature ( bottom ) .  UV-V i s  absorpt ion spectrum of  
Au3+ i on  (above) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 07 
F igure 69. - i s  absorpt ion t i trat ion of  ct-D A (50  ppm ; 5x 1 0.9 M )  w i th Os3+ ions (0 
2, 4. 6 .  . 1 0, 1 2 , 1 4 . 1 6 . 1 8 . 20, 22,  24, 26, 28.  30, 3 5  and 40 � I  of 1 0.2 M )  i n  1 0  m M  
Tri -I-IC I .  pH= 7 . 4  a t  room temperatu re ( bottom ) .  UV-Vis  absorption spectrum o f  OS3+ 
ion (above) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 08 
F igure 70. U V-V i  absorpt ion t i t rat ion ct-DNA (50  ppm : 5 x 1 0-9 M )  t i trated \-" i th  Rh3+ 
ion (0. 2, 4 ,  6, 8 ,  1 0. 1 2 . 1 4 , 1 6, 1 8 , 20. 22 .  24, 26, 28 ,  30, 3 5  and 40 Il l )  of 1 0.2 M )  i n  
1 0m lTri - H C ! ,  pH=  7 . 4  a t  rool11 temperatu re ( bottom) .  U V  -V i s  absorpt ion spectrum o f  
Rh3+ i on (above) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 09 
F igure 7 1 .  P lots of  C D  i nten i t ies at 275  nm ersus d i fferen t  molar rat io of Ce+3, m+3 , 
Gd+3 • Tb +3 , D/ and Ho +3 to ct-DN A .  T i t rat ions were done i n  1 0  mM Tri s-HC I buffer 
pH 7 .4 at room temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I I I  
. (' h 3+ S 3+ Gd3+ Tb3+ D 3+ d H 3+ · 
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F Igure 72 .  catchard p lots l or t e Ce , 111 , . , y an 0 I n teract Ions 
\\ i th ct-D A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 4 
F igure 73 .  P lot o f  I /( A  - Ao)  aga inst I /[Au3+] ,  I /[Os3+]  and I I[ Rh3+]  . . . . . . . . . . . . . . . . . . . . . . . .  1 1 5 
F igure 74.  Me l t i ng  temperatu re curve of  ct-D A (50 ppm: 5 .0x I 0.9 M) in absence and 
presence of tr iva lent  metal  ions in d i fferent concentrat ions (dec l ared i n  table 5 ) .  The 
experiments were run in 1 0.0 m M  Tr is-HCI  bu ffer, pH 7 .4 at 275nm . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 8  
F igure 75 .  C D  spect ra o f  50 ppm ct-D A i n  absence and presence of tr iva lent metal 
ions w i th d i fferent  concentrat ion « declared i n  table 5) at d i fferen t  t ime t i l l  24 hours. 
Cond i t ion : 1 0 .0 mM Tr is-HC I  bu ffer. pH=7.4, 1.=275nm.  at room temperature . . . . . . . . . . .  1 1 9 
-X X l v  
f igure 76. ('\)  cherne f fo l d i ng  top log ic  of the Hy brid- I and H) brid-_ of Tel26 
i ntramol cu l ar tc lomeric Q in K � o lut ion .  ( B) Basket-t) pe of Tel22 intramolecu lar 
(JQ i n  a s l u l ion  [ 28 ]  ................................................................................................. 1 22 
r· igu rc 77 .  D t i t rat ion of  ,(T2 G,  J-GQ D ( --+:-.. 1 0.6 1 )\\ i lh eh ion ( e b.  
- \. I O � ) i n 1 0 m  1 T r is-K I . p l l  7 .4 at ro m temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 25 
F igure 78.  D t i trat ion  of  \ l( T2 ,h- Q D (Lh I 0·6M )  \\ i th m'+ ion ( m 1 3 • 
5\. 1 0-1 1) i n  1 0 m 1 rr i  '-K I , » 1 1= 7 .4 at  room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 26 
I' igure 79. D t i t ra t ion of  3( 1 ::! J ) l-GQ 0 A (4x I 0.6M)  \\ i th Gd3+ ion (Gd 1 3, 
5\. 1 0-4 1 )  i n  1 0 m Tr is-K I ,  p i  1- 7 .4 at r am temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 26 
1 igure O. 0 t i t rat i n o f  G,(T2 G3) 3- Q 0 (4  1 O.6M )\\ i th Tb' ion (Tb 1 3 
- \. 1 0-4 1 )  i n  1 0  III \ Tris-K I .  pH= 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 27 
F igure 8 1 .  0 t i t rat ion of  \ I (T2 3h-GQ 0 (4:-.. 1 0.6 1 )  \\ i th 0) :1 ion ( D) 13 • 
:\. 1 0-4 1) i n  1 0 m 1 1  r is-KCI . pl-/= 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 27 
F i gure J 0 t i t rat ion  of  3(T::! G3)3-GQ 0 A (4x 1 0·6M ) vv i th I l oH ion ( HoCI 3• 
5\. 1 0-4 1) i n  1 0  m 1 Tri - K  I .  p H =  7 . 4  a t  room temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 28 
F igure 83 .  C D  t i t rat i n o f  3(T::! G,h- Q 0 A (4:\. 1 O,oM )\\ i th Au'� ion ( uC1 3 • 
5\. 1 0-4 1 )  i n  1 0 m \ Tri -KC I ,  pH= 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 28 
f igure 84. 0 t i t rat i n o f  A , (T2 G3h-GQ 0 (4x I 0.6M )\\ ith 0 :1 ion (OsC I). 
-:-.. 1 0-4 ) in 1 0  III Tr i  -KC I ,  pH= 7.4 at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 29 
F igure 85 .  0 t i t rat ion of  G,(T2AG3 h-GQ 0 A (4x I O,oM )\\ i th Rh3+ ion ( Rh( 03)3, 
5:-.. 1 0-4 1) i n  1 0  III 1 Tr is-K I .  pH= 7 .4  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 29 
f igure 86. P lot o f  0 i n ten  i t i e  a t  293nm \ er us d i fferent molar rat io of e +3 . +3 m , 
Gd 3. Tb+3 . o} , and HO+3 t Q 0 . A 4x 1 0·6 AG3(T2A 3hGQ \Va t i trated with 
tr ivalent meta l ion C:-.. I O·-1 \ )  i n  1 0 .OmM Tri -K I bu ffer pH 7.4 at room temperature 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 33  
' fe I '  f' +3 0 +3 F igure 87 .  P lot of  0 i ntens i t i e  at 293nm ver us d l  Lerent mo ar rat ios a u . s 
and Rh+3 to GQ 0 4x I 0.0 M AG3(T::! G3)3GQ \Va t i trated with tr ivalent metal 
ion (5:-.. 1 0-4 M )  in 1 0.Om MTris-K Ibuffer pH 7 .4 at room temperature . . . . . . . . . . . . . . . . . . . . .  1 34 
F igure 88 .  catchard p i  t for th Ce3+, m '+. Gd3+, Tb3+, 0/+ and H03+ i nteract ions 
\\ i th GQ O  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 5  
3+ 3+ d Rh3+ 
. . ' th Q 0 A 1 36 F igure 89. catchard p lot for the u , Os an I Il teract lons W I  . . . . .  
X:\. \ 
F igure 90.  \'1e l t i ng temp rature curves of human tel mere G1(T� 1h Q (4x I O.{) 1 )  
i n  absence and r>rc ence o f  equ imolar  concentrat ion o f  tr iva l  n t  metal ion (4x I 0.6 M ). 
1 he e\.per iments \\- ere run i n  1 0.0 m 1 1  ri . K I bu ffer, p l l 7 .4  at 293nm . . . . . . . . . . . . . . . . . .  1 36 
l' lgure 9 1 .  '0 spe tra of \ ,( 2 � ); Q (4x I 0''' 1 )  i n  ab ence and pre ence of 
eqUlmolar concentrat ion of  tr i\  a lent  metal ion (4:\. 1 0'" ) at d i fferent t ime t i l l  48  hour . 
Cond i t ion : 1 0 .0 m I rri<.,-K I bu ffer, p i  1-7 .4 ,  A 29"'nm,  at room temperature . . . . . . . . . . .  1 37 
I· igure 92 .  e o  t i t rat ion of  rant! m coi I �(1 2  3h (4:\. 1 0·6M)  \\ i th Ce' ion (5:\. 1 0-1 
1 )  i n  1 0 .Om 1Tr is- 1 1 I bu ffer, p i  1- 7 .5 .  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 
I' igure  93 .  0 t i t rat ion o f  random o i l  G� (T2 3h (4:\. I 0·6M)  \\ i th m3+ ion ( 5x I 0-4 
1 )  i n  1 0.0 m 1 rri '- I I  I bu tTer, pH� 7 . 5 ,  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 
hgure 9- L 0 t i t rat ion of random coi l G3(T� 3h (4x I 0·6M)  \\ i th Gd3 ions ( 5x  I 0-4 
\ 1 ) i n  1 0 .0 III 1 Tris- � l e i  bu ffer. pH= 7 . 5 ,  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 43 
r' igure 95. CO t i trat ion of  random coi l G3(T:! J lh (4'X 1 0'6M) \\ i th Tb' ion (5, 1 0-1 
I ) i n 1 0 .O m I Tri - I I I bu ffer, pH= 7 .5 , at ro m tcmperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 43 
F igure 96. C D  t i t rat i n of random coi l G,(T� G3 ) ,  (4x 1 0,oM )  w i th  D) 3 ions ( 5x  I 0-1 
\1 ) i n  1 0 .0 111 1\1 Tri  - I IC I  bu ffer, p i  1=  7 . 5 .  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 44 
F igure 97 .  0 t i trat ion of  random coi l AG ,(T:! G,), (4:\. 1 0.6 1 )  \\ i th 1 10' ions ( 5x I 0-4 
\1 ) i n  1 0 .0 m 1 Tri - I l e l  bu lTer. p l l =  7 . - ,  a t  room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 44 
F igure 98 .  D t i trati n of randol11 coi l AG,(T2 q), (4x I 0·6M) \\- i th AuH ion (5x 1 0-l 
t\ 1 )  i n  1 0.0  m [V1 Tri '-I I I bu ffer, p i  J= 7 .5 .  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 45 
F igure 99. D t i t rat ion of  random coi l G3(T2AG,)3(4x I 0·6M)  \\ i th 0 + ion ( 5;... 1 0-1 M )  
i n  1 0.0 m 1 Tri - 1 1 I bu ffer. pH= 7 . 5 .  at ro m temperatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 45 
F igure 1 00.  CD t i trat ion of  random coi l G,(T2 G3h (4:\. 1 0·6M) \\ i th Rh � ions ( 5x  I 0-1 
\1 )  i n  1 0 .0 m 1 Tri - I I C I  bu ffer, pH= 7 . 5 ,  at room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 46 
. fC: I '  f C +3 + 3 Gd+ 3 F igure 1 0  I .  P lots  of !'J. D at 265nm er u d l  l erent  mo ar rat ios 0 e . m ,  , 
Tb+3 , DJ ' and 1 10+3 to random coi l 0 . A 4x 1 0·6 M G3(T2AG3h random coi l \Vas 
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1 . 1  Background of D A 
DeoX)TIbonu leic acid CD A) is an essential component of all living fOTITIS. It is 
the mam component of cbronXJ ome and canies the hereditary material in all cells. In 
1869, D \vas discovered b the German physician., Friedrich Miescher and named 
nu ] i acid due to its acidity [1, 2 ] .  Fifty years later. the main components of DNA 
and its exact structtrre were verified b th bioch mist, Phoebus Levene, who proved 
that 0 A consists of nuc leotide submlits contain sugar, pho phate groups and nitrogen 
ba e [3 ] .  
In 1924. Hammarsten proved that the presence of  metal ions in the cells is 
e entia] to neutralize the negative c harges on DNA [4] .  In  1949, C hargaffs rules were 
published which declared the basis of D A structme where the number of guanine 
base are usually equal to cytosine bases and the number of adenine bases are equal to 
thymine ba es in every organism Unfortunately, C hargaff couldn't explain what this 
ratio means [5 - 7]. 
Moreover, the British chemist Rosalind Franklin did much of her works to 
verif)' the D A structure. Using X-ray diffraction technique. sbe ended with double 
helical structme of DNA but before she credited her discovery she died by ovarian 
cancer. Caused by long exposure to X-ray [7,  8 ]. I n  1953 .  the double helical structure of 
D A was deduced by Jan1es Watson and Francis Crick from Chargaff s rules and 
Franklin's X-ray diffraction studies [7,  9, 10]. F igme 1 illustrates the main scientific 
milestones of D A structure elucidat ion and research since 1944. 
H u m a n  genome 
sequence completed 
Draft h u ma n  
genome re leased 
« Dolly» cloned 
Heritable material 
found to be DNA 
peR developed 
Genetic code 
determ ined 
DNA sequencing 
methods developed 
F irst genome 
seq uenced 
Figure 1 .  Scientific events of D A since 1944 from reference [11] 
1 .2 N ucle ic-Acid Struc tures and Prope rties 
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ubsequent in vivo and in vitro crystallization and x-ray diffraction studies after 
Watson and Crick revealed. three cormnon forms of DNA (A-. B- and Z- D A) (Figure 
2 ). B- form is the most ablll1dant conformations constituting more than 90 % of known 
D A sequences [12]. 
B-forms are predominant at high relative humidity (�92%) in the biological 
condition and at low sah. In B- fonn the base pairs are perpendicular and directly set to 
the helix axis while the phosphate groups are connected to the same strand and further 
apart from the axis [12 ]. 111is resuh in the similar depth of major and minor grooves 
[12] .  In contrast the A- from is tworably formed at low humidity (�75%) [13 ] and high 
ah concentration. The - froms base pair are tilted and shifted out from the axis toward 
the min r grooye [ 1 2 ] .  The - and B- forms are characterized �ith right handed anti­
parall I helical tru ture \\1tb the ba e pairs connected with Watson crick bond. The Z­
foml is left handed helical tructure and stabilized at high salt concentration [ J  4 ] .  
oti eably, Z- fOffil of D is xistent m a much stretches (the least compact) form 
along the axis [ J  2 ] .  Table SW1l1nanze the comnxm features of A-. B-and Z- double 
helical  confom1ations of D A. 
A·DNA B·DNA Z·DNA 
Figure .2  Double helica l forms of DNA [ 1 2] 
Ta ble . l  haract rist i of different helical forms of D 
Pa ra me te rs  A-D N A  
Shape Broadest 
Screw e nse Right- hand 
Repe ating unit 1 BP 
Rotation pe r  re pe at ing unit ( tg) 32 . 7° 
He lix diame te r  25 .5  A 
R i  e pe r  ba e pa ir 2.3 A 
B a  e pa i rs pe r  turn of  he lix 1 1  
Pitch pe r turn of  he l ix 25 . 3  A 
Glyco idic bond anti-
M ajor grooye Narrow and 
very deep 
M inor groove Very broad 
and shallow 
Adapted from [ 1 2 . 1 4- 1 6] 
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B-DNA Z-DNA 
Intennedia te Narrowe t 
Right- hand Left- hand 
1 BP 2 BP 
35 .9° - 60° 
2 3 . 7  A 1 8 .4 A 
3 .4 A 3 . 8  A 
1 0.4 1 2  
3 5 .4 A 45 .6  A 
anti- anti- and syn-
Wide and quite F lat 
deep 
Narrow and Very narrow and 
quite deep deep 
All forms of D A compnse a double stranded helical structure in which each 
strand consists of series of nucleotides. 111e nvo strands are connected to each other by 
Watson Crick hydrogen bonding. 111ree H-bonds are linked benveen G-C and nvo 
between the A- T bases (Figure 3 ). 11ns gives G-C base pairs more rigidity than A- T 
base pairs. As a result DNA sequences enriched in GC base pairs are more stable and 
have higher rrelting temperatures than sequences rich in AT base pairs. Generally, 
nucleotide consists of three main parts: phosphate groups. 5 -carbon sugar (deoxynbose) 
and nitrogen bases which could be either purines (Adenine or Guanine) or pyrirnidines 
(Thymine or Cytosine) .  RNA has the san1e components of D A nucleotide with 
Thymine replaced by Uracil and deoxynbose sugar by nbose. 111e terrn nuc leoside is 
6 
us d ",h n pt.nine or p)Timidine ba e joined to carbon- ] of pentose ugar in ab ence of 
ph phate group.  [ 1 2 ] 
a)  
I I  . . . .  
/ . r {I - - - - 1 1 - {I 
� -)f - - h 
I ==< r ' 
/ 
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m inor !:-roo\ 
b )  
major g r  0\ 
m in or groo\ c 
Figure .3 Watson and C rick base pairs \'vith major and minor sites scheme between base 
pair . a )  Three H-bonds between G-C . b )  Two H-bonds between A-T [ 1 7 ] 
1 .3 G -quadrupl e x  ( G Q) DNA 
I n  1 962, the first G-quadlUplex D A (thereafter GQ D A) was discovered by 
Gellert and co- \\'orkers when they showed that tetrameric guanine residues can be 
arranged in a cyclic planar struchrre through X-ray diffiac60n studies [ 1 4 , 1 8 . 1 9] .  In 
1 989, the potenful significance of GQ was suggested and correlated with dmg design 
[ 1 8] .  GQs are composed of four stranded DNA structures holding at least two G-quartet 
planes. each of these planes consists of four guanine bases connecting with eight 
hydrogen bonds as illustrated in Figw:e 4.  Richness in guanine bases gives a chance to 
form non Watson-Crick hydrogen-bonded structures called Hoogsteen bonds. 
Hoogsteen bonds occur through hydrogen bonding between the N H 1 amide and H2 
6 
used v,hen purine r p)Tirnidine ba e joined to carbon- l of pento e lleoaT in ab ence of 
pho phate group. [ 1 2 ] 
a b )  
major gro )\ e 
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- H _ . .  - ) 
m i llor groo\ 
m in or groove 
Figure .3 Watson and Crick base pairs with major and minor sites scheme between base 
pair . a) 111Iee H-bonds between G-C . b) Two H-bonds between A-T [ 1 7] 
1 .3 G -quadrupl ex  ( G Q) DNA 
In  1 962. the first G-quadruplex DNA (thereafter GQ D A) was discovered by 
Gellert and co- \vorkers when they showed that tetrarneric guanine residues can be 
arranged in a cyclic planar structure through X- ray difliaction studies [ 1 4 , 1 8 , 1 9) .  In 
1 989. the potential significance of GQ was suggested and correlated with drug design 
[ 1 8 ] .  GQs are composed of four stranded D A structures holding at least two G-quartet 
planes. each of these planes consists of four guanine bases connecting with eight 
hydrogen bonds as illustrated in F igure 4.  Richness in guanine bases gives a chance to 
form non Watson-Crick hydrogen-bonded structures called Hoogsteen bonds. 
Hoogsteen bonds occur through hydrogen bonding between the N H I  amide and H2 
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ammo don r from on guanine ba e and the acceptor atoms 06 and 7 on the 
neighboring ba e [20, 2 1 ] . The 7r-7r non-bonded attractiYe interactions are holding the 
tacked G-quartets togeth r which ah110 t consist of three or four planes G-quartets [2 1 ] . 
� H 
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G-q u artet 
Figure 4 .  Four Guanine bases fonn G-quartet stIucture 
Guanine-rich nucleic acids have received high interest due to its ability to fold 
non-canonical D A secondary structures called GQs. Such G-rich sequences have 
denxmstrated to be existent at the end of chromosomes (tolemere) [ 1 4. 22] ,  promoters of 
oncogenes and most of growth control genes [22-25 ) .  The formation of GQ DNA 
inlubits the activities of telomerase enzyme in cancer cells and subsequently became the 
target of developing new therapeutic agents. 
1 .4 Tel omere  and te l o m e rase 
Telomere is a sequence of non-coding SIX. repeatable nucleotides alongside 
(TTAGGG)n tracts localized at the ends of chromosomes in all human cells. Telomere 
overhang with a single strand ranged from 1 00 to 200 nucleotides [26. 27]  and 5- 1 0  Kb 
8 
m J ngth [ 1 6. 28] .  Telomere maintain chromo ome's life [ 1 4] .  In marnrrnlian. 
t IoIrere are c mpo ed of double trand D A followed by single tranded D A G­
rich o\'erhang [29] ( Figure 5 ) .  The end of each human chromosome consist of about 
1 .000 to 2,000 ix repeatable nucleotide (aratmd 6.000 to 1 2.000 base pairs of 
telomeri D ) .  TRF I and TRF2 proteins bind to double-stranded telomeric D A and 
perfum1 critical roles in maintaining telomere lerlgt:4 wh reas Pot l protein binds to the 
ingl - t randed telomeric D A [30]  
nfortunately. telomere undergoes shortening each time of DNA replications 
[ 1 4] .  U uaily. each c II replication undergoes to lose 50-200 bases in our bodies [28 ] .  
a consequence. telomere in older age becomes much shorter than in younger age due 
to continuous repeatable replication till the cell ends with apoptosis. For instance. 
telomeres' leI\,0th in blood cells consist of base pairs ranges from 8000 at born to 3000 
bp at people age and reaches 1 500 at older ages. In contrast with other tissues in hun1.1n 
body as heart muscle.  telomeres are not shorten due to not exposing to cell divis io n [3 1 ] . 
Telon�ra e is a nbonucleo protein enzyme that fimction to add new bases at the 
ends of telomere. I t  consists of two main subunits. hlllmn telomerase RN A component 
(bTERC) and hun1al1 telomerase catalytic component (hTERT) (Figure 5) .  The hTERC 
works as a template for building telomere in n1.1mrnalian cell The hTERT is ex-pressed 
as rate-limiting component of telomerase inducing the telomerase activity. In earlier 
studies. complex form of telomerase was observed consisting of two RNA sublll1its and 
two catalytic sublll1its [30 ] .  
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Telolrera e has a critical functions in continuing replications of human cells and 
keeping tolerrer' I ngtJl from extinct [ 1 4, 29] .  In facl it is functional in reproductive 
cells su h a eggs and sperm [3 1 ] , wlllie it is inactive in omatic cells [ 1 6, 32 ] .  
How \' r. the ef1Z)1re activitie are much low or ab ent in nonnaJ cells compared to 
cancer cells. Telomera e nzyrne wa fmUld to be activated in 80-85% [ 1 6, 28 ]  or may 
rea h 900/0 [ 33 ]  of human cancer cells. 
H um n ch omo om 
a) 
b)  
t nded r e  Ion Sin I tn ded r Ion 
GG TAGGGT GGG GGG -3' 
5' 
1: 10m r 
hTERT 
S'" T TAGGGTT ... GGGTT ... GGGTTAG ... IIIT " ..... 
:r ...... TCCC ...... T C C C  (;;Ao"'-lC;;:c;x;._\IC. 
hTERC 
Telorneras e  
Figure 5.  Schematic TInages o f  a )  te lomere b )  telomerase enzyme [30, 34] 
In  1 987.  BlackbLUll and others proved that the repeatable guanine bases TIl the 
telomeric D A sequences can perfOl11l GQ structure in vitro [35 ] .  As a result, extensive 
researches have been conducted TIl order to design molecules inhibit telomerase activity 
m cancer cells by stabilizing GQ structure. Recently. GQs ha e been much greatly 
concern due to its secret b iological functional in anti-aging and anti-cancer agent [36] .  
Moreover. highly ordered structure with various polyroorphic forms have been observed 
for GQs [ 1 4. 23 , 26] . In 1 962, using x-ray diffraction, guanine bases that fonn GQs have 
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been recognjzed t give ordered fiber pulled from guanine mono pho phate (GMP) gels 
v, hich fuil d v.ith other nuel otide [ 1 9] .  
1 .5 Folding topologie of  GQ 
Folding topologie of GQs are much related to their oligonuleotide equences. 
uall) . those having one G-tract fom1 parallel tetra- molecular structures (called 
tetrameic) and the e \\ith two G- tracts form antiparallel bimolecular structures (called 
dimeric) \vhile intran"Dlecular tructures (called monmneric ) are formed \�h fom G­
tract . MR and - ray crystallography have been efficiently used in detennining 
different GQ folding topologies (Table 2). Folding of oligonuleotide sequences is also 
dependent on the number of bases separating G-tract bases, loops of bimolecular and 
intramolecular structures. as well as the coordinating cations [ 37 ] .  General fom1S of GQ 
structures and their various po sible folding are shown in F igure 6 [24] and Figure 7 
respectively [22] .  
StrucMal conformations of GQs fOlmed in presence of different metal ions are 
initiated by the environment of coordinating iOl1S. Different conformations of GQs were 
observed for the human telemetric sequence d(AG3(T2ACiJ )3 using Circular Diochroism 
spectroscopy. In  presence of Na+ antiparalleI structure has been conforn1ed while a 
mixture of two conformation structures were confirmed in presence of K+ [3 8-40] .  
Formation of monon1eric antiparallel structure of thrombin binding aptan1er (TBA) 
d(G2T2G2TGTG2T2G2 ) in presence of K+ ions have been evaluated using CD 
spectroscopy. Same pattern was obtained in presence of divalent cations Ba2+ , Sr2+ or 
Pb::! [ 38 ] .  Various studies have demonstrated that fOlmation of d ifferent GQ folding is 
correlated with different mctors, such as syn/anti conforrnation of guanosine. relative 
J 1 
orientation of G-quartet core, types of linking loops and th nature of a sociated rretal 
ions [40] .  
Ta ble 2 .  GQ folding of the comnxm human telelnetric sequ nee ill presence of K + or 
a IOns 
lO. of Ion na lyt ica l  
equ e n ce GQ fol d i n g  structu re Refe re n ce 
G-t ract Prese n ce tech n ique 
d(lTA GGG) 
and o n e  K 1 R  Tetramo lecu lar [4 1 ]  
d(lTAGGGT) Parallel strand 
X-ray Bimo lecu lar Parallel s t rand [42] 
d(TAG GGTT 
two K+ NM R  B imo lecu lar h y brid (Para llel and a n t i  [43] 
AGGGl) 
para l le l )  strand 
dI A(GGGTTA X-ray Lntramo lecu lar para llel s t rand [39, 42] 
)JGGGI (propeller-ty pe) 
dITA(GG GTT intramo lecu lar hy b rid 1 (3+ 1 ) ( three [44. 45] 
A)JGGG] parallel and one ant-parallel) s t rand 
K-
dITA(GG GTT 
Four 
I n t ramo lecu lar hy b rid 2 (3+ 1 )  ( three [45, 46] 
A)JGGGTT J  parallel and o n e  ant-para lle l) s t rand 
dl(GGGTT A)J M R  Intramolecu lar h y b rid (parallel and 
GGGTJ an t ipara lie I) s tran d [47] 
( Basket-ty pe) 
dJA(GGGTTA Na+ lntramo lecu lar hy b rid (parallel and 
)JGGGJ ant i  paralJel) strand ( Basket -type) [39. 48] 
(a)  
/ 
/ 
t--
Figure 6.  Types of GQ structures (a)  Parallel tetramolecular (b)  Anti-paralle l 
bimolec ular and (c) Anti-paralle l tmirno lec ular  [49] 
(0) ( ) 
L 
Figure 7. Different GQ structurers of a) tetramolec ular strands, b )  bimolecular strands 
and c )  tmirno lec ular strands [22] 
1 .6 Stabilitie s of GQs ' s tructure s 
Several factors affecting stabilities of GQ structures. The presence of some 
particular solvents such as o smo lytes (ethylene glycol and glycerol) increase G-
quadruples stability by increasing its thermal stability/ mehing temperature (T m ) . 
Mehing temperature (Tm or T1I2 )  is detel111ined from the midpoint of a melting curve in 
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whi h the complex is SO% dissociated. Tm indi ate the relative tability of different 
conformations of GQ or ct-D [SO] . In the tud of KLrrnar and Maiti. two strands of 
D \\1th an equal concentration (30  nM) \\"ere mixed (G-rich sequence and its 
complementary equ nce )  in presence of 100 mM potassium ion. The amount of GQ ill 
an equihbriun1 sy tern wa founded to increase from 17. 6 nM to 23 .4 and 23 .1 nM ill 
ab ence and pre ence of 10% ethylene glycol and 10% glycerol respectively. The 
binding affinity of GQ and its kinetic towards the complementary strand and the 
hybridization proce were also noticed to decrease in presence of such osmolytes. 
hifung to GQ tructure in pre ence of osmolytes \ as explained by Kumar and Maitias 
a re uh of molecular crowding and changing in water activities. [S1 ] 
Vorlickova et al proved that alcohol as an ethanol is contnbuting to GQ 
tabilization even more than K+ [52] .  This has been interpreted by either the ethanol 
bind specifically with certain sites on D A or it changes the dielectric constant through 
decreasing the repulsion forces between phosphate groups. On the other hand, many 
solvents that exlubit the stability of GQ showed opposite patterns with duplex D A as 
alcohol [38] .  
Based on such experimental data of guanosine gels melting temperature (T m ), 
lomc radius of di:ffurent metal ions have been found to play a critical role in stabilizing 
guanosine gels. Metal ions with relatively same radius exlubited sin1ilar melting 
temperature such as Ba2+ and Rb+ (F igure 8)  [S3 ,  S4] .  
Stability of GQ structure was also found to depend on the affinity of n�tal ions 
to interact with G06 through the cavity of G-quartet. It have been demonstrated that K+  
has more binding affinity to GQ than Na+ and contnbuting in GQ stabilizing [37] .  1l1e 
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f( ilowing order: K ?  H+ -t> a+ of monovalent cations were fOlllxi to tabilize GQs 
[23 J .  Another stud showed the stability of GQ decreased as the following order K+ > 
Lit > a+ [ 5 5 ] .  o lid-state MR studies displayed the binding affinity of monovalent 
cations to G-quartet tructure fonned b guanosine 5 ' -monophosphate ( S ' -GMP) a :  
K"'> H-t+:> Rb"'> a+:> Cs"'> Li+ [56] .  Divalent alkaline earth cations were foood to 
stabilize GQ in the order r2+:> Ba2� Ca2� Mg2+ [ 5 7 ]. 
50 
40 
m 
( C)  30 
20 
1 0  
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loO lc crystal radII (A) 
Figure 8 .  Relations hip between melting temperature and ionic radius of some alkali and 
alkaline earth metal ions [54]  
The mode of metal Ion interaction has been proven to contnbute in GQs 
stabilities . For example. specific binding with GQs was proven to induce more stability 
than electrostatic interaction. In contrast with duplexes, metal ions such as K + and N a 
have been shown to stabilize double helical structures through distnbution along the 
nucleic acid and usually in non-specific binding mode [58,  59]. 
Arrangement of nucleotides sequence fomring the GQ structures and types of 
metal IOns were recognized to affect GQ stability [5 7 ] .  For instance, GQ stability of 
d(G-t T-tG-t ) sequence was foood to increase in presence of Na+ ions than K.j. ions [60]. 
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Indeed. many other factors contnbuting to the stability of GQs such as ionic streI\:,oth. 
co rdinatio n nwnber and dehydration en rgy of fretal ions a will be ho\\n later [57] .  
1 . 7 I nte ractions of me tal ions with nucle ic acids 
uc1eic acid are rich in negative charge and arieties of binding sites. This 
nables them to interact ""'itll metal ions and metal containing complexes. Interaction of 
metal ions \\ith D helps to neutralize the negative c harge along the phosphate 
backbones. etal ions may interact with nucleotides or poly nucleotides. As a 
consequence of this interaction. sugar confom1ation may changes and induces the 
confomlational transition from the B- and A- forms to the Z- foml D A or RNA due to 
the changing in an orientatio n of the ba es with respect to the helical axis [6 1 ] . 
Metal- D A interactions perform a major fimction in controlling the biological 
actiyj6es in living cells and contnbuting the structural stability [58.  62-64] . The 
comnon colIDter ions of D A and RNA are K+, a+, Ca1+ and Mg2+ as well as some 
other elements existing in much 10\ concentrations as Zn, Fe or Cu [ 1 7. 65 ] .  Some 
metal complexes also have shown biological activity as anti-cancer and anti-viral 
agents. For instance the pt- complexes c isplatin . carboplatin and oxaliplatin have been 
approved by FDA as anti cancer agents in 1 978.  1 989 and 2002. respectively. Platinmn 
drugs has been used anlOng several studies on transition metal ions interactions with 
D A in cancer chernotherapy fields. Cisplatin [cis- PtCh(N H3 )1 J has been discovered by 
Rosenberg as a potential chell10therapy for cancer tumor in 1 960. Zn-complexes (Zn 
( I J)-cyc1en complexes). synthesized by Aoki and Kimura are currently used in the 
treatment of AIDS. Rh ( I I I ) octahedral -complexes were fOlIDd to have both anti-cancer 
and anti-viral activities by Morrison and co-workers [66-68] .  On the other hand studies 
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on animals and epidemiological diseases shov,!ed that some elements are classif)ring a 
mutagen i and carcinogenes is agents such a ar enic [69] .  
tudie on alkali and alkaline earth metal ions interactions with D A have been 
published IDce more than 30 year ago. While the studies on transition metal ions 
interacti ns with D were developed later and began with Hg2+, ClliHg , Ag+, cu2+ 
and Zn2+ [17] .  Generally_ alkali and alkaline earth metal ions foml outer-sphere 
complexe with D A. l1lis process accompanied by :fast exchange kinetics as a resuh of 
an electro tatic interactions with negative charges on phosphate backbone. Whereas 
transition metal ions form a S1TOng inner-sphere binding with nuc leobases beside the 
electro tatic interactions with phosphate group. Thus normally associated 'with server 
darnage of cells and apoptosis. Subsequently, slow exchange kinetics are provided to 
ren'))\'e protons from nucleobases to bind with metal ion [17] .  For instance, Cu2+ and 
ztr� ions form chelates betv;een phosphate group and nucleobases which resuh in an 
lID-stacking of bases arld consequently induces the destabilization of the helical structure 
of D A. On contrary, Mg2+ and Ca2+ stabilize the helical DNA structure due to the 
binding mainly with phosphate group [70] .  Therefore, the binding site of phosphate 
group leads to stabilize the helical structure of DNA while the bases' bind site causes 
the destabilization [71- 73 ]. Moreo er, the high affinities of divalent alkaline earth n�tal 
ions towards the phosphate groups were fOlmd to not contnbute in D A condensation. 
While low affinity of transition metal ions towards the phosphate groups were 
evidenced to induce the condensation of GC -rich DNA and sin1p1y form precipitation 
[74- 76] .  
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Metal ions have relat.i\·e�' different binding affinitie toward 0 due to several 
mctor uch a ionic trength of olution ( salt concentration) , concentration and nature 
of metal ions and D equence composition [77,  78 ] .  Gelagutashvili proved that the 
binding affinity of Inetal ions toward the 0 A decrease a salt 's concentration increase 
through the interactions of Cu ( I I )  and Cd ( I I )  ions with D A from SpirulinaPlaten is 
[77] .  The preference of metal i ns toward bases over phosphate group has been fOl.D1d 
to decrease in the following order: Hg2+> Ag+> Cu2+> Pb2+> Cd2+> Zn2+> Mn2+> 
i2+> C02+> Fe2",? Ca2",? Mg2+> BaH [79] . In other studies, the strength of metal ions 
interaction with 0 A ba es was fOl.D1d to decrease in the following order: Pd2+> Cu2+. 
C02",? i2-'-, Cd2+, Mn2� Ca2+ > Mg2-'-, Sr2+, BaH [80] .  Table 3 slITl1marize the prefening 
binding ite of ome metal ions on 0 A among different studies [8 1 ] . Affinities of 
transition metal ions toward nuc1eobases and the fom13tion of stable complexes with 
D A v.'ere found to increase as the following order: G> A C> T [82] 
Exiensive tudies were performed to study the localizations of different metal 
ions in major and minor gro es of duplex DNA and its effect on the ON A geometry. As 
a rule of to Thrnnb. metal ions predominant the major grooves in GC -rich sequences 
while it prefer minor grooves in AT- rich sequences [65 ] .  Alkali metal ions Na+ and K 
were found to localize in minor grooves of AT rich sequences and alkaline earth Inetal 
ions Mg2-'-, Ca2 .Sr2+ and Ba2+ were noticed to localize between N 7  of ptrrines and 
phosphate groups in major grooves of GC rich sequences [83 -88 ] .  Preferences of 
transition metal ions to certain rich sequences have been demonstrated by Frieden and 
others. Cu2+, Cd2+, Mn+2, Pt+2 , Ag+ and Zn2+ have been found to prefer GC rich 
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equences v.hile Hg�2 prefer AT rich equences [ 1 7 77 ,  89 90] . Thus, both the nature 
of metal ions and nucleic acid sequences are contnbuting in the binding sites of D 
Ta ble 3 .  Preferable binding ites of OIre ions [8 1 ]  
B inding ite M e tal  ions 
Ba e Ag+, HgT, Pt:!+ 
Pho phate group Li+, Na+, K+. Rb+, Cs+, Mg2+, Ca2+, Sr:!+, Br2+, Cr3+, Fe3+ 
Ba e and Pho phate group Co-+, Ni2+, MJt2+, Cd2+. Pb2+. CulT, Fe2-;-, Mg2+, Fe3+ 
Generally, three d ifferent binding modes of metal ions interaction with nucleic 
acid were umrnarized among d ifferent studies. Diffuse binding! atmospheric bindings 
\\'hen fully hydrated metal ions interact electrostatic lly with nucleic acid by 11on-
pecific interaction, localized interaction on certain sites of nucleic acid through 
hydrogen bonding of water 11'X)lecules (outer sphere binding) . Specific site binding, in 
which cations bind with nucleic acid by replacing at least one aqua ligand (inner sphere 
binding) (F igure 9) [77 , 8 1 ,  9 1 ] . Modes of Iretal ions' binding can be easily determined 
usmg MR X-ray crystal lo graphy and viscosity measurements. 
F igure 1 0  summarizes the possible binding sites of metal ions on D A 
[d(TpCpGpA)P-. Sin1ply. metal ions can bind with N 1  of (G or A) and N3 of (C or T) 
on D A inner side, or with 7 of (G or A), outer side, or with phosphate group [92 ] .  
The preferences binding sites at physiological pH are 7 on G, N 1 and/or N 7  on 
adenine, 3 on cytosine and 04 on thymine [93 ] .  
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a) Diffuse .  nonspeci fi c  interacti on 
H 0 OH.l OH.l 
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b) Local i zed inte raction c) Site-bound i nter acti on 
Figure 9 .  Modes of metal ions' interactio ns with nucleic acid, a)  Diffuse, non- specific 
interaction. b) localized interactio n. c )  S ite-b01ll1d interaction [9 1 ]  
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Figure 1 0 .  Sites of metal ions binding on D A[d(TpCpGpAW- [92 ] 
1 .8 I nteractions of me tal ions "ith GQ D A 
GQ stru tur is distinguished by its cavity between the four guanine bases that 
fonn G-quartet. G-quartet are characterized with negative charges as a consequence of 
the lone pair on G06 atoms [37] .  1bis charges allow them to attract acceptor ligands. 
K+ and aT ions stabilize GQs structures through burying themselves into these cavities 
and coordinating specificaU with 06 carbonyl in guanine ba e. Because of their 
abundance in biological ystems, they also form a cloud of counter ions that bound non­
specifically to D . Metal ions might bound pecifically and non-specifically �1th GQs 
imultaneous�r different than other ordered structures of DNA [25 ] .  However the 
promotion and stabilization of GQ tructure usual y comes from the specific bounding 
of n:etal ions. aT ionic radius (0 .9SA) has been fOlll1d to have relatively same cavity 
ize and can be eas�' coordinated with 06 within a plane of G-quartet. K+ ion has larger 
ionic radius ( 1 . 33  A) that is very large to coordinate 'vvithin the G-quartet plane. So. it 
coordinates preferably between two planes of G-quartet (Figure 1 1 )  [36, 37 ] .  Li+, Cs+ 
and TMA - (tetramethyl an1l11Onium) ions have been shown to not induce GQs structures 
in absence of K + and a--- ions of Te122 and Te126 sequence DNA among the addition of 
SOO mM from each of these ion [25 ] .  These ions have been proven to bound 
nonspecifically and affect the counter ions condensation due to either it· s  too small or 
too large sizes to bind within the cavities. Li+ is too small and has to gain much higher 
energy than other alkali metal ions in order to be dehydrated. so it is unfuvorable to fom1 
GQ while CST and TMA+ are too large to coordinate with G-quartets [25 ,  94] .  Earlier 
studies emphasized that lanthanide ions are coordinating with G-quartet more stronger 
than monovalent and divalent cations. Wu and coworkers reported that trivalent 
lanthanide metal i ns promote formation of stacking G-quartets [95] .  TIley te ted La3-. 
Eu3-+. Th3-, 0),3- and Tffi3+ on the fonnation of G-quartets (GIl+M)3-. For the La3- and 
Eu3- comple 'e . the predominant pecie wa a G dodecamer containing only one metal 
ion Wherea for Th3+, Dy3-'- and Tm3+, both dodecamer and octa�r are having high 
reiativ abwldances. 
Metal 10ns are corrunonly bind in a sand'Wlch mode between two G-quartet 
plan s [96]. On contrary, Wu's work suggested a triple-decker of G-dodecamer 
containing only one metal ion (Figure 1 2 . TIle triple-decker tructure is stabilized by 
trong ion dipole interactions between trivalent cations and 06 carbonyl oxygen atoms 
from the guanine ba es. Trivalent cations also help to more closely stack G-quartets 
reiatn'e to mono- and divalent cations, which is firrther enhance the stability of stacked 
G-quartets. 
Correlation between abundances of dodecamers and octamers and ionic radii of 
metal ions indicated that dodecan1ers concentrations decreased with increasing ionic 
radii from La3- to Tffi3+. TIle reason as attnbuted to the optimal size fit of La3+ to the 
G-quartet plane (similar to a+) .  An opposite trend was observed for G-octamer. Both 
dodecamers and octamers showed approximate similar stabilities with Th3+. Stability 
sequence of La3� Eu3+ > Th3.,. > Dy3+ >Tffi3+ was calculated for the formation of G­
dodecamer. While the reverse order was obtained from G-octall1ers. (Figure 1 3 ) 
5' 
j � ---=:::,. s _ n ----- -u n l j  - K -+-
I I  
Figure 1 1 .  chematic representatio n of Na+ and K+ ions bonding with an intramo lec ular 
human telomeric GQ D A within and between G-quartet respectively [27] 
Figure 1 2 .  Binding modes of 1110110 - ,  di- and tri-valent cations in G-quatiet structure. 
The bar indicates G-quartet plane [95]  
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Figure 1 3 .  Illustration of the relation between dodecamers and octamers ' relative 
abtmdances and ionic radii of selected trivalent lanthanides ions. Ionic radii cOlll1ted 
using coordination ntlll1ber 8 [95]  
1 .9 Kinetics of binding 
Two main processes have been identified in metal ion-DNA interactions. 
Reversible proces which induces co nfom13tional changes and irreversible process 
resuhs usually \\ith severe damages or c leavages of duplex DNA. The first category 
resuhs from non-covalent interactions. and include electrostatic attractions, outer sphere 
binding by H-bonding and 7I- 7I interactions through intercalations or grooves binding via 
van der waals forces. While the irreversible process is caused by coordinative!covalent 
bonding fonned between an empty orbital of metal ions (acceptor) and filled orbital of 
ligand atoms (donar). This is called inner-sphere binding and is generally stronger than 
non-covalent interactions [ 1 6. 1 7] .  FOm13tion of either these categories is dependent on 
the type of metal ions and ifs environmental conditions . For instance. Na+ ions in water 
fom1 outer- sphere bonded complex called hexa aqua complex [Na( H20)6t. When it 
partially or completely lose its aqua ligands, it can easily coordinated to nuleobases 
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donor atoms in G-quartet This can also be applied to K- and Mg2- ions and results �ith 
GQ tabilizatio n  [ 1 7 ) .  
1 . 1 0  B rie f  de cription of lantha nide ions 
Lanthanide group consists of 1 5  element with very similar characteristics [97] .  
TrivaJent lanthanide 10ns have difrerent properties than other alkali and alkaline earth 
iOns e.g a+ and Mg2+. Lanthanide ions have higher apparent affinity and can be 
replaced over them du to higher electro tatic contnbution from their charges and 
entrop) gain ::from removing counter ion [9 1 ) . They have long lived luminescence. 
therefore can be identified by nearby organic ligands and their lifutime may quench by 
ligands [9 1 .  98) .  These ions are environmentally sensitive. Thus. large hydration spheres 
ma) foml up to 9 water ligands [9 1 ) . They are hard Lewis acid ions which prefer 
oxygen and nitrogen [98 ] .  It ha e been noticed that rare earth n1etal ions can be easily 
hydrolyzed D A especially if comparing with transition metal or alkaline earth 
abundant ions in biological system as Zn( I I ). C a( I I ), or Mg( I I ) . This is consequences of 
higher oxidation state and charge density. coordirlation l11.nnber, and rapid ligand 
exchange rates. All these give Ln ( I I I )  ions advances in designing artificial enzy:t.nes. 
Relatively. it have similar ionic radius with calcilll11 and zinc [98] .  Figure 1 4  shows two 
independent studies and displays the different ionic radius of Lanthanide ions with the 
coordirlation nlll11bers [99]. Their major binding sites to Gs is defined in han13rhead 
nbozY01e. In  contrast to other n1etal ions such as Mg2+, Na+ and transition metaJ ions, 
the absorption of lanthanides ions through f-orbital is forbidden [9 1 ] . Besides, rare earth 
metal ions have been demonstrated to po sess difterent biocatalytic activities by 
Korniyarna and colleagues. Pr3+and La3+ and other rare earth metal ions can induce the 
fonnation 3 ' - 5 ' - cyclic adeno ine rnonophosphate (cAMP )  from adenosine - 5 ' -
tripho phate ( TP) in ph)' iological conditions [ 1 00]. Moreover, they enhance the 
hydro�' is of pho phoe ter linkage by assisting other metals lDlder non enzymatically 
proce [ 1 0 1 ] . As a result, the degradation of D and RN A can be easier occtllTed 
v,hich is the e ential proce in the field of cheIIDtherap [ 1 02 ,  1 03 ] .Certain studies 
howed that th re are some d ifferences between alkaline earth metal ions and rare earth 
metal ions in D A condensation process. Even though they have same behavior due to 
its similar atomi sizes [ 1 04 ] .  In 1 986, J inghe Yang and Guiytm Zhu were the first one 
who tudie the fluore cence enhancement features by rare earth ions which has been 
reported by lin and other . Hmvever, the very weakness of lanthanide ions in absorption 
spectra make difficultie in luminescence ex-periment unless high concentration used 
[98] .  While the high sensitivity of luminescent lifetin1es to d irect coordination 
envirorurent is a useful way for detemlining the binding sites and structures of the 
macromolec ules [ 1 05- 1 07] 
Recently, lanthanide IOns are usmg as a probes of ll1etal ions interaction with 
different sequences and structures of DNA [ 1 08]  as well as with different 
polyelectro lyte [ 1 09). 
Ce ( I II) and Th ( I I I )  ions are the most stable foml and act as an electron donor 
due to the excess of one electron above the filled orbital of 5p in Ce ( I I I )  ion and one 
electron above the half filled orbital of Sf in case of Th ( I I I )  ion [ 1 1 0, 1 1 1 ] .Trivalent ion 
of lantbanide is most stable oxidatio n state and lIDst abundant in nature [ 1 1 2 , 1 1 3 ]  
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Figure H .  Ionic radius of tJivalent Lanthanide ions as  a :fi..mction of coordination 
number (a) and (b) from two independent studies [99] 
1 . 1 1 Analytica l  techniques use d  in s tudying me tal ions inte ractions with  D N A  
The mode o f  interactions between metal ions and DN A can be easily defined 
usmg high-resolution stJllCnrra1 techniques such as N MR or X-ray difE-action. However. 
uv - Vis spectrometry, fluoresces and circular diochrism are also the useful tools to gam 
an information about the binding modes. 
1 . 1 1 . 1  UV-Vis pectrometry 
Metal ions interactions with DNA can be obtained by the changing in absorption 
spectra of either metal ions or D A molecules [ 1 1 4] .  Metal ions with filled/ partially 
filled d electronic orbital give an absorption bands in the UV - Vis region San1ples with 
7r and n electrons only give absorbance. Polynucleotide as well exhtbits a c lear band at 
260 run as a result of the electron transitions through the chrOmophOlic groups in the 
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pume and pyrimidine bases. Th chance of the e transitions is high. therefore the molar 
ab orptiyity (E) is large. [ 1 1 4 . 1 1 5 ] 
Ionic trength and pH affect the absorption intensity of oligonucleotides. I f  the e 
parameter hold constant the complexity of nucleotide ' composition con1nbute on 
decreasing the ab orption intensity (hypochromic effect) from mononucleotides ( free 
o ligonucleotide ). random coil and helical structure due to the base - base stacking 
(Figure 1 5 ) .  [ 1 1 -+ . 1 1 5 ]  
220 2 30 240 250 260 270 280 290 
A. (nm) 
Figure 1 5 . UV absorption spectra of mononucleotides, single strand ( random coil) and 
double helical DNA with equal concentratio n [ 1 1 5 ] 
The purity of D A molecules can be determined by the absorbance ratio 
spectroscopy is a useful technique for studying the interaction of metal 
ions with D A and its complexes through the liquid fom1. Melting temperature (T 01 ) of 
D A molecules in absence and in presence of metal ions can also obtained using UV 
techniques. when 5 0% of DNA molecules denaturant. For instance, Till is measured 
when 5 0  % of the double strands convert to single strands. While in presence of metal 
ions the value of T01 should be changed if the interactions between metal ions and DNA 
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occlllTed. In  ca e of intercalation binding exist the value of T m increase more than the '-
interaction \\ith major or minor groove of D A. Fluorescence. circular dichroism and 
MR can also b used in determination  T m .  [ 1 1 4] 
1 . 1 1 .2 Fluore ce nce 
111e mode of interactions between metal ions and D A can also be obtained by 
flu re cence spectro copy. Emission spectra are very sensitive to the environment. The 
orientation of flourophoric ligands and its interactions with DNA can be studied by 
fluorescence anisotropy and fluore cence resonance energy transfer. Energy transfer IS 
a useful \\'ay in studying M - DNA interaction for lanthanides ions since they have low 
luminescence unless the formed chelates with different ligands. Then, the energy 
transfer from lanthanide chelates to D A leading an increasing in fluorescence intensity 
[ 1 1 -+ , 1 1 6 ] .  The fluorescence quenching experiment gives an additional infomJation 
about the localization of n1etal lOns or complexes m D A. The effective interactions 
betv.·een metal Ions and DNA usually induce the fluorescence intensity according to 
several fuctors. [ 1 1 4] 
1 . 1 1 .3 CircuJar diochris im 
C ircular Dichroism (CD) is an optical technique that n1easure the difference 
betv.;een left and right absorption of circularly polarized light . CD is expressed by the 
following equation [ 1 1 7. 1 1 8 ] :  
C D=M = (AL - AR) 
In  C D  spectroscopy, polarized light is used to detem1ine the different types of 
l11etal ion-D A interactions using a stmll amount of san1ple. Absorption of D A 
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molecule alignment by an electromagnetic radiation is measured first as a consequence 
of an electronic transition through the -Visible regions. ll1erL when the metal ions 
bind to D and cause changing in D A confonnation. the spectrum is changing. 
Circular dic hroism gives the infonnation of both electronic and magnetic interactions. 
Ho\\ever. linear di hroism ( LD) depends only on an e lectric interactions of molecules 
and can be mea w-ed b the followi ng: 
LD = A I I -A J.  
Lin ar d ichroism is obtained b the differential ill absorption of oriented 
molecul s parallel and perpendicular to the orienting axes which obtained by linearly 
po1alized light [ 1 1 4] .  I n  contrast to LD, C D  does not require the Olientation of samples 
(Figure 1 6 ) . 
CD = [(X - OCr] +� � 
LD 
I pc al .. 0 "'I;: - onurded g i l  Ln'" �olccu.e 
[�\ �-U� ] + G) 
LO C:t 
Figure 1 6 . Stnmnar ized scheme of CD and LD spectroscopy [ 1 1 8 ] 
C D  spectroscopy is worthwhile in measuring optical y active chiral molecules, 
asymmetry structure of molecules (carmot be superposed on their mirror inlages)  [ 1 1 8 . 
1 1 9] .  It is a useful technique to obtain the binding mode of metal ions interactions with 
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o through the non-covalent binding that contnbuting the changes in an electronic 
tructLrre of molecules [ I  1 4] .  CO pectroscopy is very sensitive technique to 
confomlational changes \� hich nlakes more fuvorable technique over conventional 
pectro cope uch as fluore cence and absorbance. CD is an absorption spectro copy 
technique ill which chromophores exist in asyrmretric or exist in asymmetric 
environment affect the pectrum. It has been widely uses ill studying the biological 
ystems. Confomlation of everal I11acromolecules (polypeptides, proteins. DNA and 
RN A) and their interactions with SI11all molecules have been studied by CD [ 1 1 8 ] .  
uc leoba e itself do  not give C D  signal due to the planar shape of aroJ11atic bases 
while the presence of sugar molecules exlubit asymmetric structLrre which induce CD 
ignaL Electronic interaction increases base-base stacking along double helix structLrres 
and consequently changes in orientations of sugar molecules either syn or anti give a 
trong C D  signals. As a result each confofJ11ation of D A A-form , B- fom Z- form, 
triplex or quadruplex has its OW11 C D  spectrum [ 1 1 8 ] .  
Generally, A-fonn is characterized b y  positive band around 260 nm and negative 
peak at 2 1 0  nm which have similar pecu'a of poly[d (G)] .  poly[d (C)] and RNAs in 
duplex fOIDl [ 1 3 , 1 1 8 ] .  B- f0l111 is well known with a broad positive band at about 260-
280 om and a negative peak at approxinlately 245 nm [ 1 20] .  Z-fol1n is verified by a 
negative band at about 290 run a positive band at around 260 nm and a negative peak in 
the range 1 95 -200 nm [ 1 1 8] 
GQ topologies can be defined by C D  spectroscopy. For example. parallel 
tetramolecular structLrres fonn a c lear positive band at about 260 nm and a negative 
band close to 240 nm. Bimolecular and uninlOlecular structures with external loops are 
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characterized by a further po itive peak at about 290 run [ 1 2 1 ] . 0 bviously, parallel GQ 
of D and RN have very imilar C D  pectra with - form Hov,:ever. A- form ha 
trong negative band at 2 1 0  run and both parallel GQ of D A and RNA have positive 
peak at same wavel ngth. As a rest.tlt both po iti e peaks at 2 1 0  nm and 260 nm are 
ind i  ati\'e f quadruplex tructure . AntiparalleI GQ structure is characterized by 
negatr.·e band aroill1d 265 nm and po itp;e band at 295 nm[ 1 20] .  Whereas, hybrid GQ 
tructure gi\'e negative band at 240 nm and two positive peaks at 265 run and 295 nm 
[ 1 2 1 ]  (Table 4) .  I n  fuct, both the amplitude and position of peaks vary with different 
equence . 
Table 4 .  ill11l113fized features of CD spectra for different GQ topology [ 1 22]  
Type s of GQ 
Wave length Te tramolecula r Unimolecular B imolecular 
(run) pa ra lle l a ntipa ral le I lunimolecula r 
paral le l  
2 1 0  Positive Positive Positive 
2.t0 Negative Positive Negative 
265 Positive Negative Positive 
295 - Positive Positive 
Hybrid 
Positive 
Negative 
Positive 
Positive 
Although C D  spectroscopy does not provide structural information at atomic 
level it has several advantages over M R  and X-ray crystallography. I t  is easy and fast 
applied, it does not require large amount of samples and moreover, analysis can be 
carried out in much shorter time . C D  is very sensitive to very low concentration of DNA 
and can be used with long oligonucleotides (3000- 8000 base pairs) [76] .  For example, 
MR and crystallography gives structural information for only small DNA molecules 
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(-24 ba  es )  and protein ( molecular weight < 20.000) . 1n addition, CD spectroscopy can 
deal \\.ith oluti ns a in ph)' iological condition [ l I S ] .  Furthem1Ore. CD can correlate 
betwe n the r uIts of - ra diffraction and infrared pectroscop because it can 
analyze an1ples in solutions and filins fonTIS using low concentration [ 1 23 ] . Infrared 
pectro cop. ( IR) can also ana�rze in solution and films. howe er it has low sensitivity 
and required high concentration Wlllie X-ray diffraction and NMR can ana� either in 
olutio n or films fonn 
1 . 1 2  lite rature urvey 
everal studies have been performed to determine binding modes, binding 
constants and confonnational change of DNA in aqueous solutions upon interactions 
with metal ions. Stabilization and destabilization duplex DNA with metal ions are 
dependent on the type of n1etal ion and its concentrations as well as its binding sites on 
D A.  
Ahn1ed and coworkers have proven that alkaline ear1h metal ions Mg2+ and Ca2+ 
bind to ct- DNA on two binding sites with different binding constants. Ca+2 ions are 
binding directly to phosphate groups \\.itb strong binding constant of ( K  = 4.S0 X 1 0 5 M' 
I )  and indirectly binding to 7 guanine bases with weak binding constant (K  = 3 .0 X 
1 0-1 M· I ) .  On  the other hand, Mg+2 ions are indirectly binding to phosphate groups with 
weak binding constant ( K  = 5 .6  X 1 04 M· I ) and directly binding to 7 of guanine bases 
with a strong binding constant (K  = 3 .2 X 1 05 M· I ) .  111e molar ratios were of [M2+/ 
D A(P)] were 1 :640. 1 :320, 1 : 1 60. 1 :S0. 1 :40. 1 20, 1 : 1 0, l :S and 1 :4 and no major 
changes in B-forrn structlrre were observed during the interactions . [ 1 24] KanKia et al 
reported that Mg2+ binds to DNA in the outer sphere willie Ca2+, Sr2+ and Ba2+ bind in 
... -' 
th irm r phere [ 1 25 ] .  Th SIZe of metal ions were correlated \-dh th change in C D  
pectra. The y  fOlD1d that the changes in C D  spectra o f  D A increase a s  the cation radius 
decrea e. Because \-\ h n the ionic radius increase more pace will occupy in binding 
distance and as a consequence less structural c hange of D A ,""ill OCClIT. However, the 
distance of only g2 4- ions is noticed to increase due to the diameter of binding an extra 
water m01 cule ( F igtrr 1 7& 1 8 ) [ 1 25 ] .  Porschke also proved that Mg2T ion binds to 
outer sphere ",,,�herea Ca2 ion bind to inner sphere with Poly (A) DNA [ 1 26] .  Other 
tudies using cry tallograph [ 1 27 ,  1 28 ]  as well demonstrated the outer sphere binding 
of Mg2+. Granot et. al studied the interaction of divalent cations Mg2+. Mn2+ and C02+ 
ions \�1th the pho phate group of D A using 3 1 P - MR 111ey emphasized the outer 
phere binding of Mg2+ in which there is no direct binding with phosphate group. While 
\\1th transition metal ions Mn2+ and C02+, the paramagnetic ions. the inner sphere 
complexes were formed through the directly coordination with the ox gen of phosphate 
group. I n  fuct when ery high concentration of Mg2+ ions are used, the binding mode of 
Mg2T ions shifted to inner sphere interaction 1 00%. Metal ions fOlm inner sphere 
complexes when losing at least one of their hydrated water molecules to coordinate 
directly with the m ..')'gen of phosphate group. In  outer-sphere complexes, metal ions do 
not lose their hydrated water molecules upon interactions with the phosphate group. 
Competition studies using 3 1 P_NMR proved that the binding rates of Mn2+ and C02+ are 
3 -4 times stronger than Mg2+ ion [ 1 29] 
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Figure 1 7. CD spectra of DNA before the structlrral changes in dash line and after 
addition of four alkaline-earth metal ions CMgH, Ca2+, Sr2+ and Ba2 ), holding the ratio 
between [1{!+/D ] = 0 . 77 , in solvent 2 rnM Hepes, pH 7 .5  at 20°C [ 1 25 ]  
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Figure 1 8. Ellipt ic ity o f  calf thymus DNA at 275 nrn versus the cation radius o f  Mgh, 
Ca2T. Sr2T and Ba2- ions [ 1 25 ]  
Transition metal ions Cu2+ and Cd2+ ions were found to form complexes with 
D A through the outer sphere interactio ns with nitrogen bases by Gelagutashvi l i  [77] .  
Tajmir- Rillhi and others showed that at  low molar ratio of [MetallDNA(p)] when 
r :S 1 /40. the interaction of transition metal ions copper and lead ions with ct- DNA as 
shown to occur mainly with phosphate groups and enhance the stability of double 
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helical tructure by increa ing ba e tacking. However. when the molar ratio exceeded 
1 /40. copper ions b und mainly to nuc1eoba e through GC base pairs. Whereas lead ions 
begin to bind with -T base pairs at r > 1 120.  High concentration of lead ions were 
required to denaturant and de tabilize D A than copper ions. 0 significant change 
were ob er\"ed in B-form through the int ractio ns of these ions with DNA [ 1 30] .  
a i and andi howed that Rh3+ ions bind to phosphate groups and lead to 
stabilize ct- D at 10\ concentration when molar ratio of [Rh3+ ID A] < 0.4.  While at 
high conc ntration its bind wlth bases and destabilize D A [ 1 3 1 ] . Similar findings were 
ob erved wlth Au3+and Cu2+ ions [ 1 32 .  1 3 3 ] .  
Affinitie of  transition metal ions were found to have direct andlor indirect 
interactions towards pho phate group of D A. Using FT- IR and FT-Rarnan 
pectroscopy. Cr ( I I I ). Co ( I I ) ,  Cu ( I I )  and Zn ( I I )  ions were found to have direct and 
indirect interaction \.\ith phosphate group. The direct affinity increased from left to right 
of the period. Only Zn ( I I )  was observed to have relativity similar direct and indirect 
affinities towards phosphate group [ 1 34] . 
Structural transition of D A by divalent Ineta] ions was studied by Hackl et aL 
They indicated that Mgh ions bind only with phosphate group willie Cu2+, Zn2+, Mn2+ 
and Ca2+ ions bind with phosphate group and D A bases. As a result, transitions of 
D A structure were formed during the interactions with these ions except with Mg2"'­
ion The affinities of these ions toward DNA bases were found in the following order: 
Cu2- � Z,n2- > M.fi!+ > Ca2+ � Mg2+ [ 1 35 ] .  Stangret and Savoie reported that transition 
metal ions j2- also induce confonnational transition of ct- DNA from the B- form to the 
Z- fonn through the coordination with nuc1eobases. Simultaneously, N j2+ ions is found to 
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fonn outer phere interaction V\itb the phosphate group through the v,ater molecule 
[ 1 36] .  imilar transition from B- to Z- fom1 was ob erved by RidoLLx and others V\ith 
poly ( -n [ 1 3 7 ]  and b van d ande and coworker with poly (G- C )  in presence of 
i2 ions [ 1 38 ] .  Mn2+ and C02+ ions as well induced the transition from B- to Z- fom1 in 
poly (G- C )  [ 1 3 8 ] .  
Lee et. a l  demonstrat d the fom1ation of D A complexes with transition metal 
ions .zn2+, C02+ and i2+ ions at pH above 8 upon the addition of these divalent cations 
into th D M R  stud ies howed that the e complexes were formed through the 
replacen-x:nt of in1ino proton of T and G bases by these divalent ions along the helical 
D 0, one proton is released by one n-x:tal ion per base pair during the fom1ation of 
complex. For exan1ple. Zn2+ ion binds with l of guanine and 3 of thymine 
ba e causing destabilization of the D A double helical structures (Figure 1 9 ). Lower 
concentration of Zn2+ and C02+ were induced the precipitation of the con1plex than with 
j2� ion Metal ions with ionic radii 2 0.7 A have been found to fonn complexes with 
D A through nitrogen bases and ions with sn1aller radii < 0.7  A (such as Mg2+ ion, 0.65 
A) prefer binding electrostatically with phosphate group [ 1 39, 1 40] .  Rakitin and co­
worker emphasized the replacement of imino proton by j2+. C02+ and Zn2+ ions in the 
helica l  D A [ 1 4 1 ] . 
I n  another study, Fe2+, Co2+ and Zn2+ ions were reported to fom1 a stable 
complexes with poly (dC)- poly (dG) duplex DNA by Alexandre and his colleges 
through the replacement of in1ino protons. As a consequence DNA's geometry n1aY 
changed upon the alteration in helix twist, propeller twist, and tilt angles through the 
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binding. Tetrah dral georretry wa fOlmd a :favorable tructure for metal lOns 
coordinatio n \'vith guanine and c)tosine ba e . [ 1 4_]  
H 
I ��'" "=, 
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_ R 
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Figure 1 9 . Interaction of Zn2+ IOns with 1 1)'l11ine and Guanine in double helical DNA 
[ 1 39.  1 -+0] 
Katz howed that Hg2+ ions bind covalently with nuc1eobases through fom1ing 
complex \\itb two tl1)mine bases in a chain- slippage process in which two bases from 
two trands are brought together ( Figure 20 ) [ 1 43 ] .  Fom1ing Hg2+- D A complex did 
not require high pH [89] .  Large CD changes tl1fough fue fom1ation of Hg2+-DN A  
complex displayed fue tructural transition fi·om B- to Z- form DNA and nX)re condense 
structure fom1ed [ 1 44,  1 45 ] .  
- - - - - T - - _ . - A - - _ .  -T - - - - - A . - - - - T - - - - - A - - - - -T _ . - . - A - - - - --
- - - - - - - -. - . - . A - _ . - -f - - - - - A . .  - - -f - - - - - A - - - - -f - - - - - A - - - - -f - - - - -
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Figure 20 .  Structure of Hg2+ ion binding with fuymine bases in two strands [ 1 43 ]  
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KanK ia e t  al hov\:ed that Co H3)63- interact v.ith ct- D A ( 1 60 pb length) on 
three tep . In the fir t step, it binds to phosphate group till the ratio 
J= 0.25 . In the econd step, condensation process OCCillT d at molar 
ratio H3 )6 '+]I[D ]= 0.25-0 .3 .  At higher concentration. the complex is precipitate 
in the third tep. However, when longer ct- D A (3000-8000 pb) was titrated with 
Co I-fJ)63 ... , only two stages were observed . The binding with phosphate group till 
molar ratio [Co( H3 )63+]/[ D A]= 0.3 and precipitation at higher ratio . Thus, 
condensati 11 proce s wa ob erved to much related v.-ith D A length. Transition from 
B- fom1 D A to ne.,: conformation after 0.25 molar ratio was reported in short D A 
sequence while no transition wa noticed with long D A sequence (F igures 2 1 &  22 ). 
Change in CO pectra before the condensation process is relatively sin1i1ar for short 
and long 0 A indicating tbat binding of CO(N H3 )63+ with both type of DNA is similar. 
From another eA'Periment. they fOlmd that the positive changes in DNA's volume and 
compre sibility indicating the binding of Co(N H3 )63+ with short and long DNA through 
dehydration proces and the small positive enthalpy corresponded to direct binding with 
phosphate group through the hydrogen bond between the cation and phosphate group 
[76] . 
Eichhorn and Shin studied the interaction of metal ions with polynuc1eotides and 
related compounds. and the effect of metal ions on DNA helicity. The effect was found 
to increase in the sequence Mg2+< C02+< N f2+< Mn2+< Zn2-t-< Cd2+< Cu2+. This sequence 
was deduced based on the findings that: 
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1 )  The rrehing temperature of D increased \.\ ith increa ing metal 
concentration orre ITetals howed an increase follov;ed by decrea e in 
T m witJ1 increa ing concentrations. 
2 )  Capability of metal ions to bring about complete renaturation of DN 
increa ed from left to right. 
3 )  hill in the absorption maximum o f  DNA increased with the metals from 
left to right 
The e mctors ha.Ye been hO\\11 to be dependent on the ability of metal ions to bind both 
the phosphate and heterocyc lic base sites. The ratio of affinity for base to phosphate was 
fOlli1d to increa e from left to right. (F igure 2 3 )  [ 1 32]  
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Figure 2 1 .  ( A )  C D  spectra o f  titrated 1 60 bpct- DNA with different concentration of 
Co H3 )63+. The molar ratio of [Co(NH3)63+/DNA] is( 1 )  O. (2) 0 .098, (3 ) 0 . 1 97.  (4) 
0 .2 1 6. ( 5 )  0 .256,  (6) 0 .275 .  ( 7 )  0 .295.  ( 8 )  0 .3 1 4, (9) 0 .334, ( 1 0) 0 . 353 . DNAconcetration 
= 3 mM in 5 mMCsC L  0 .2  mM Cs HEPES at pH 7 . 3 .  (B) CD spectra of 3000- 8000 
bpct-D A in 5 mMCsC L 0 .2  mM Cs HEPES at pH 7 . 3  with different concentration of 
Co H3 )63+ increased by the line mrrnber increase range from 0- 0 . 3 7  [76] 
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Figure 22 .  Titration of 1 60bp D A and 3000- 8000 bp DNA with CO(N H3 )63+ using 
Circular Dichroism (CD) at 270 run [ 76] 
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Figure 23.  Variation of Tm of D A solution as a fimction of divalent metal Jon 
concentration [ 1 32]  
Interactions of rare earth metal ions Nd3+ and Pr3+ ions with ct -D A were 
investigated usmg absorption spectroscopy and viscosity measurements by Devi and 
Singh [ 1 46, 1 47] .  Absorption spectra of Nd3+ exhlbited hyperchrornism and red shift in 
presence of D A Viscosity n�asurements indicated that additions of Nd3+ decreased 
the viscosity of DNA The binding constant of d3+ with DNA was fotmd 9.59 X 1 02 M' 
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1 . Thermodynarni parameter indicat d an entropy driven proces in which d3- only 
interact \.'lith the pho phate groups on the molecular trrfuce of D imilar findings 
were ob en'ed for the interaction of ct- D \'vith Praseodyrniill11 ions. The ab orption 
pectra of pr;+ exlnbited hyperchromism without shifting in wavelength on increasing 
the con entration of ct- D TA. The visco ity of rod- linked D A was fOill1d to decrease 
v.ith additi ns of PrJ"'- ions. These meaStrrelT�nts indicated non- intercalative binding 
mode between Pr3T and ct- D and suggested a mixed hydrophobic and electrostatic 
binding mode on negatively charged pho phate backbone of DNA along the double 
h lix. A binding constant of 5 . ]  8 X 1 02 M was reported. 
Different binding modes were observed among the interactions with GQ 
stru ttrre by various metal ions. The stability of GQ structtrres are con-elated with the 
type of metal ion. its concentrations and its binding sites. K+ and Na+ ions are the most 
e:\1ensively studied cations \\itb respect to their ability to stabilize GQ structilles. The 
monovalent cations Rb-'-, N H�+ and 11+ [94 1 48- ] 5 1 J  and divalent cations SrH, BaH and 
pb2+ [ 1 48 ,  1 52- 1 5 7J have shown to promote GQ fonnation. Hard in and coworkers 
demonstrated that divalent cations Mg2+ and Ca2+ ions tabilize tetranlOlecular parallel 
GQs with the sequences d(CGC G3GCG) and d(TATG3ATA) nlOre than monovalent 
allcali cations [ 1 58 .  1 59] .  Chen showed that only 2 mM Sr2+ ions enhanced the fOID1ation 
of intermolecular parallel GQ of d(G4T-tG.tT4G-tT-tG4) sequence more than in presence of 
K+ [ 1 53 ] .  Seo and coworkers studied the specific and nonspecific bindings of alkaline­
earth divalent metal IOns to the thrombin-binding aptamer (TBA) DNA 
d(GGTTGGTGTGGTTGG) using electro spray ionization mass spectrometry (ESI - MS) 
[ 1 60) .  A single-stranded DNA d(AATTAATGTAATTAA) was used as a control for 
n nspecifi binding. Both 1 : 1 and 2 : ]  metal-D compJexe were detected . TI1e 1 : 1 
binding constant ( K  1 ) of r2+ or Ba2+ for TBA wa three order of magnitude greater 
than th ir K I for the control D , \ herea K 1 of Mg2... or Ca2+ for TBA was 
comparable to their K I for the control D On the contrary, the econd binding 
constant ( K2 ) was nearly the same independent of the metal ion and D A. Changes in 
C D  pectra indi ated that r2+ and Ba2+ interact trongly with G4 TBA compared to 
Mg2+ and Ca2+. Result suggested that the first binding of Sr2+ and BaH to G4 TBA is a 
pecific while the second binding is nonspecific . All bindings of Mg2+ and Ca2+ are 
nonspecific . The specific and nonspecific bindings of alkaline-earth metal ions to G4 
TB were :fi.rrther rationalized in terms of ionic radius, coordination number, and Gibbs 
free energy of dehydration of the metal ion. 
Marathias and Bolton studied the structures of potassiillll saturated 2 : 1  and 1 : 1 
fom1S of quadruplex D A. Potassium was found to stabilize the fom1ation of c hair- or 
edge- type quadruplex structures. Structures of ] : 1 and 2 : 1  ( K+:  quad rup lex) of 
d(GGTIGGTGTGGTIGG) have been detennined using N M R  and molecular dynamic 
simulations. They found that K +  in each binding site interact with carbonyl oxygens of 
both the loop thymine residues and the guanine residues of the adjacent quartet ( Figure 
24 ) [ 1 6 1 , 1 62] .  
Liu and his colleges studied the spectral characteristics and the overall 
conformation of a GQ of PS2 .M DN AZyme with an oligonucleotide sequence, 
d(GTChTAG3CChTIG2) using c ircular dichroism (CD) and ultraviolet- visible (tN-Vis) 
spectroscopy. UV-melting curves demonstrated that the Pb2+- induced GQ. The UV 
titration resulted in binding stoichiometry of Pb2+: PS2 .M (2 : 1 ) suggesting that the Pb2+ 
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IOns coordinate b tv,een adjacent G-quartets. K inetic tudie suggested that the Pb2�-
indu ed fold ing of P 2 .  1 to G-quadruple through structural transition attnbuted to the 
replac n�nt of a+ or K+ b Pb2T ions and the generation of a more compact Pb2+-
P 2 . M  tructure. ll1Us, Pb2+ ions ha been justified to stabilize G-quaruplex structure by 
increa ing th melting temperature even more than K+ and a+ ions as shown in (F igure 
2 5 )  [36] .  K ", Ta+ and Pb2+ ions are most effective for inducing GQ fOlmation Their 
different sizes affect th ir ability to locate in the center of the stacks of the G-quartets 
and subs quently inducing GQ fonnation. Pb2+ ions are too large and at micromolar 
concentrati ns. the strongly bind with the thrombin-binding aptamer (TEA), inducing a 
tmimo lec ular folded GQ. [36 1 5 7. 1 63 . 1 64] .  
Sr2+ ion has been also shown to intercalate between two G-quartet through the 
TBA quadruplex structure cavity [ 1 65 ,  1 66] .  
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Figure 24.  111e structure of the chair type quadruplex structure of d(GGTIGGTGTGGT 
TGG) and the binding sites of two K+ ions ( left).The arrangement of dG residues in each 
quartet of the chair type is syn-anti-syn-anl i (right) [ 1 6 1 ] 
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Figure 25 .  melting tenlperature curves of 2 .5  mM d(GTcnTAcnCcnITG2 ) in 
buffer olution (l OmM ME rrris. pH 6. 1 ) in presence of 0 .5mMPb(N 0 3 )2 at 303 11111. 50 
mM of a 03 or K 03 at  295nm [36] 
Transition metal IOns have also shown critical role m medicinal chemotherapy 
[ 1 67- 1 69] .  u+ i s  a soft ion prefers to bind with soft ligands such as  thiols and 
pho phines forming cOl11plexes as anti-arthritis drug with high toxic effect [ 1 70] .  Au3+ is 
a hard ion that prefers o).),gens and nitrogens ligand [ 1 7 1 ] . Au>-'- conlplexes recognized 
to possess an antitumor agents [ 1 67.  1 69] .  Copper and Silver c0111pollllds have proven to 
be anti cancer agent v.ith less side effect than traditional platinum-based drugs [ 1 69] . 
lrid.it.nn RhodilUTI, ruthenium. OSllllTItnn. iron, platinum and palladiwn have sin1i1ar 
physical and chen1ical prosperities and gave anti cancer activities.  Ruthenium. OSmilllll., 
Iron are of the same group. Together with rhodium, palladilUTI, iridium and platinum, 
they are c lassified as the ' Platinum group ' .  Special attention has been paid to rutheni1lll1 
co nlpollllds because they exhIbit cytotoxicity against cancer cells. Ruthemlrn 
conlplexes tend to accumulate preferentially in neoplastic masses in conlparison with 
normal tissue using transferrin, for its sin1i1arities with iron, to accumulate in the tumor. 
Once bOlllld to the transferrin receptor, the cOl11plex b erates ruthenium that can be 
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easil) internalized in the tumor. e;..� Ru3.... complexe likely remain in their relatively 
inactiv Ru3 ... oxidation tate lll1til they reach the tumor ite. In this emirol1ITX:!nl with its 
lov.er oxygen content and pH than normal tis ue, reduction to the more reactive Ru2 ... 
oxidati n state take place . 111.is reaction. named "'activation by reduction" would 
provide not only a sel ctive toxicity but also an efficacy toward hypoxic tumors known 
t be re istant to chemotherap and/or radiotherapy. Ruthenium compOlmds bind to 
o affecting it confomlation differently than cisplatin and its analogues. So, 
ruthenium compoW1d have a pattem of cytotoxicity and antitumor activity that is 
d ifferent from that of cisplatin tissue. Although the pharrmco 10 gical target for antitumor 
ruthenium compounds ha not been completely identified, there is a large body of 
e\ idence indicating that the cytotoxicity of many ruthenium complexes correlates with 
their ability to bind D A. Ru3+ compounds N AMI-A and KP 1 0 1 9  have entered c linical 
trials anticancer drugs against a rretastasis and colon carcinOnlas. Patients with various 
types of solid tumors were treated with escalating doses of KP 1 0 J  9 (25 -600 mg) twice 
weekly for 3 weeks. 0 dose- limit ing toxicity occlllTed [ 1 72] .  
Rhoditnn compounds ha e been reported to have antiviral antibacterial and anti 
cancer activities less toxicity than platinllln metal complexes [ 1 3 1 ,  1 73 - 1 76] .  However. 
rhoditnn has demonstrated less effective as anti-cancer agent due to its toxicity. 
Low concentrations of d ivalent cations were reported to initially stabilize GQ 
while increasing concentrations eventually become destabilizing. Wei and coworkers 
showed that micromolar concentrations of ZnH can induce Structural transition from the 
random coil to quadruplex of AG3(T2AG3 )3 based on changes in UV absorption and C D  
spectra [ 1 77 ] .  Random coil structure o f  22AG is characterized by positive peaksaround 
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295 and 257  nm and a n gatr..·e band aroood 235 om Formation of antiparallel GQ 
tructure by additi n of Zn2+ ions wa confirmed by the appearance of a new negative 
peak at 266 nm (F igure 26) .  Th binding stoichornerty of Zn"'"2 ions per each 
A -,(T2 G3 )3 molecule wa fOood equal 4 .  As formation and stabilization of GQ inhlbit 
the tel tn"!ra e enzyme. tudying GQ tructure tabilizabon by metal ions and ligands is 
a promising n'ategy for the designers of anticancer drugs. 
Miyo hi et al displayed the destabilization of the 50 � d(G-1T4G4 ) D A with 
antiparall 1 bimol cOOr GQ structure b 1 mM concentrations Mg2+, Ca2+, MJl2+, Co2+ 
and Zn2+ in the following order: Zn2+> C02+> MJl2+> Mg2+ >Ca2+ in presence of NaC I  
[ 1 78- 1 80] . These divalent cations coordinate to the 7 of guanine that forming the 
Hoogsteen hydrogen bond, Breakdown of H-bond with these ions induce destabilization 
of G-quartet [ 1 78 ] .  
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Figure 26 .  C D  spectra of AG3(T2AG3)3 in absences and presence of different 
concentration of Zn2+ions. The concentration of AG3(T2AG3 )3 is 4 /lM, and the 
concentration of Zn2+ is (A)  0 ( solid), 3 (dash), 9 (dot) and 1 5  /lM (dash dot) or (B) 0 
(solid ), 1 5  (dash).30 (dot), 45 (dash dot), 1 00 (dash dot dot) [ 1 77] 
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] lowever, it ha been proven b ab initio calculation that the e divalent cations 
induce tabi1ization of Wat n-Crick base pairs in the folJo\\ing order: Zn2+> Mg2+> 
a:! > a�> Lt. The e j ns coordinated with 7 guanine that doesn't contnbuting in H­
bond formation of double helice [ 1 8 1 ] . Blume et al also showed that the existence of 
divalent transiti n metal IOns Mn:!+, C02+ and i2+ in millimolar concentration 
de tabilize even ill pre ence of K+ ion [ 1 82] .  While micromolar concentration of 
Nfu2+ ions were founded to localize in grooves of thrombin-binding aptamer (TBA) 
D and induce the tabilizat io n  of GQ [ 1 83 ]  
hi et a l  proved that Ru( I I )  complex, (dmb)2Ru(obip)Ru(dmbh]4+, [(dmb = 4,4 ' ­
dirrethyl-2,2' -bipyridine) and obip (2- (2-pyridyl) imidazo] induce antiparallel GQ 
structure (Figure 27 )  [ 1 84] .  TI1ey found it highly selective towards GQ DNA rather than 
double tranded D A using Multjple D A competition dialysis method (Figure 28). 
Furtherroore, this Ru( I J )  complex has been evident to inlubit the telomerase enzyme 
\\ ith very slight or even no side effects toward the nomJal cell TI1e most earlier cancer 
designed drugs such as anthraquinones, cationic porphyrins. fiuorenones, and acridines 
have low selectivity toward GQs and relative ly high value of ICso with micromolar 
concentration. As a consequence, intensive studies have been conducted in order to 
increase the selectivity of designed dmgs and minim ize the side effects. 
Bhattachrujee et al found that ZnTMPyP4, Zn( I J )  5 , l O. 1 5,20-tetrakis (N-methyl-
4-pyridyl) porph)'Tin. induce and stabilize GQ structure of bimolecular human telomeric 
d(TAGGGh in presence of K+ ion. while TMPyP4, C uTMPyP4 and PtTMPyP4 are not 
induced the stability of GQ [ 1 85 ] .  
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Figure 2 7. CD titration spectra of 20 I1M22AG with different concentration of 
[(dmb)2Ru(obip)Ru(dmb)2 ]4+ in 1 0  mM Tris-HCl (a) 0 11M, (b) 1 11M, (c) 2 11M, (d) 4 
11M.  (e) 6 11M, (f) 8 11M.  (g) 1 0  11M (h) 1 2  11M. (D 1 4  11M [ 1 84] 
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Figure 28 .  Selectivity test o f  [(dmb)2Ru(obip)Ru(dmb)2 ]'Hcomplex toward different 
D A [ 1 84J 
Lanthanides trivalent cations Tb3+ and Eu3+ ions can be typically stabilize GQs 
and have been proven to induce GQ structures as well [ 1 86, 1 87] .  Recently, Zhi-ze and 
coworkers demonstrated that rare earth La3+ and y3+-complexes also are selective to the 
GQ D A structure n"X)re than duplex D A [ 1 88J  
The main objective in  our work was to study the interaction of trivalent metal 
10ns v.ith ht.rrnan telomere random coil single strand and GQ 0 As as well as with 
.+9 
double tranded calf tJ1)IDUS D A. nder tanding their mode of interactions. ability to 
induc condary order D conformations and stabilization of resultant structure are 
vital goals of this tud . This study can also hed light on the role of trivalent metal ions 
on r gu1ating the gene transCllptiOns and multiplication and consequently their 
in1portant biological role in the cells. It might be helpful in future designing of specie 
for antic an er treatment or of biological relevance .  Our motivation for selecting the 9 
trivalent metal ions (Ce3+, m3+, Gd3+. 1b3+, D 3+, H03+, Au3+, OS3+ and Rh3+) are the 
following: 
1 - 111eir biological importance, since these metal ions exist as a trace ions . 
2- They are hard ions \vith small size and high charges density so they act as 
e]ectrophile . 
3 - They have high tendency to coordinate with D A bases. 
4- Most of their metal cOl11plexes showed anticancer effect. so choose these . 
metal ions to evaluate their effect. 
1 0 fully investigated on these trivalent IOns m literature, on contrary to 
divalent metal ions. 
6- Most of them have no toxicity at very low concentratio n. 
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C HAPT E R  TWO 
M ATE R I A L S  AND M ETHO DS 
5 1  
2. 1 M ate rial  and Reagent 
Gold ( I I I )  chl rid ( uC b) .  cerium ( I I I )  c hloride (CeC b ).o U111lillll ( I I I )  chloride 
(Os b ). rhodium ( I I I )  nitrate ( Rh 03 )3 ). hoIrrrium oxide ( H0203 ), terbiilll1 oxide 
(Th203) .  gadolinium oxide (Gd}03 ), dy prosium oxide ( DY203 ), samarium oxide 
( m203 ), Tri- H l HCl HCIO-l .  aO H were purchased from ignJa-Aldrich. Calf 
thymus D prepared from male and female calf thymus tissue with molecular weight 
of 1 0-1 5 million Daltons 4 1 .  9% G-C and 58 . 1 % A -T linkages was purchased from 
igma-Aldrich. o ligonu leotides AGGGTTAGGGTIAGGGTIAGGG, were 
purchased from Alpha D A. Montreal Canada in a HPLC purified, Deionized water 
was used throughout. 
2.2 Apparatus 
bsorption spectra were carned usmg agilent 8453 spectrometer UV-Vis (d iod 
array) and Varian cary 50 UV - Vis spectrophotometer. Spectra were recorded within the 
range 200-800nm using 1 cm path length quartz cell at room temperature. 
F luorescence measurements were nnde using ShinJadzu spectrofluorometer m 1 
cm HehTla cell The excitation and emissio n slits were set at 1 0  and 5 nm respective ly. 
C D  spectra were collected on an JASCO J- 8 1 5  C D  spectrometer. Using a 1 cm 
path length He1nn quartz cell Each sample spectrum was the averaged of three 
spectrum scans accumulated over the wavelength range of 200-320 nm at the 
temperature 25 °C with a scanning rate of 1 00 nm lmin The obtained spectra were 
corrected by subtraction of a buffer spectrum. 
Thermo Orion pH meter ( rmdel 420) was used to carry out our e>..rperiments. 
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2 .3 Preparation of ta nda rd olutions 
2 .3 . 1  B uffe 
1 0.0  mM Tris- HCI buffer was prepared by dis olving 0 .788 g of Tris into 
500.0 ml deionized \\:ater and adjusting the pH by 0 . 1 M HC l at 6 .5 ,  7 .4,  7 .5  and 8 .5 .  A 
olution that is 1 0 .0  mM Tris and 1 00.0 mM KCl was prepared by dissolving a 0 .788 g 
Tris and 3 . 7�75g KCl  into 500 rnl deionized v ater and adjusting the pH to 7 .4 using 
0. 1 1 H  L 
2 .3.2 D N  A oJutions 
1 000 ppm Calf thymus D A stock solution wa prepared by dissolving O.O l g  
ct-D A in 1 0 .0 ml deionized water. The solution was kept overnight at 4 0 C .  Molar 
concentration was calculated assuming a molecular weight of 1 0  million Dahons for ct ­
D A. 
S ingle stranded and quadruplex D As were prepared by centrifugation of ss­
D telomere -AGGG(ITAGGG)3 -at 2000 rpm for 1 0  min A 2 .0  ml Tris- HCI buffer 
pH 7.5 were added to prepare single strand D A while 2 .0 ml Tris- KCI  buffer pH 7.4 
were added to prepare GQ D A. 111e vials heated to 90 DC for 1 0  min, left to cool at 
room temperature and then kept overnight at 4 DC before use. 
Concentrations of resultant stock DNA solutions were detemrined by diluting 
1 0.0  � using Tris- HCl  buffer pH 7 .5  or Tris-KCI  buffer pH 7.4 to a final voh.n:ne 
1 000.0 �. 111e resultant solution was vortexed for 1 5  s and its absorbance was 
measured at 260 11111 and 280 nm The concentration of DNA was calculated using the 
equation:  
onc . (ppm) = A260 x weight per OD . Dilut ion factor 
Where OD is the opti al density at 260 run 
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The purity of the oligonuc leotide was te ted b calculating the ratio A260/A280. 
Factor � 1 . 8 were obtained indicating high purity for synthetic and natural D A used .  
2.3.3 M e ta l ion olut ions 
O xides of holmium ( Ho203) ,  terbium ( Th203),  gadolinium (Gd203 ) and 
dy pro ium ( D '203)  v,,'ere converted into the chloride salts by add ing diluted HC I drop 
b. drop to stirred oluti ns of oxides till the solutions become clear. Samarium 
perchlorate ( m(C IO -1 )3 ) wa prepared similarly by adding diluted HC I04 to sarnariill11 
oxide ( nn03). Resultant olutions were evaporated till dryness and dried solids were 
collected and kept in a desiccator till use. 
Gold ( I I I )  chloride, Rhodium ( I I I )  nitrate. Osmium ( I I I )  chloride and Cerium 
( I I I )  chloride were purcha ed from sigma aldrich and used as it is. Stock standard 
solutions of metal IOns were prepared by dissolving accurate weight of the salts in 
deionized water. 
2A M e ta l ions - D N A  inte ractions 
2.4. 1 UV- Vis ible e x pe rime nts 
Effect of pH on trivalent metal ions was tested using 1 0 .0 111M Tris-HCI  buffer at 
pH 6 .5 -8 . 5 .  I nteractions of trivalent cations with 4xl O-6 M AG3(T2AG3 )3 were studied in 
absence and in presence of K + ion 
5.+ 
4xl O-6 M G3(T2 G3 )3 in either 1 0 .0  mM Tris-HCl buffer. pH= 7 .5 .  or 1 0 .0 
mM T ris- K I buffer. pH= 7.4 were titrated \vith di:frerent concentrations of trivalent 
cations. 
Sl11lUITI and terbiW11 ions were titrated usmg different increments of DNA 
con entrations. In the e e:\''Perin1ents_ OS3+ (2 . 5  x 1 0-5 M)  in 1 0.0  111M Tris- KCI  bu:fIer. 
pH= 7.4 was titrated with G3(T2AG3 )3 ( 1 .3 x l 0--I M )  (0- 80�) and Tb3+ ions (2 .5x I 0-3 
1 )  in 1 0 .0  mM Tris- HC I bufter. pH= 7.4 was titrated with 1 00.0 ppm ( - 1 0-8 M )  ct-
D (0- 60 �). 
2A.2 CD expe rime nts 
CD pectra of ct- D A hlll11al1 telomere single stranded and quadruplex D A in 
1 0.0  mM Tris- HCI  (PH 7.4),  Tris- KCl  (PH 7 .4)  or Tris- HCl (PH 7 . 5 ). respectively were 
collected using J -8 1 5  JASCO CD spectrometer. The instrWl1ent was kept flushed with 
pure nitrogen during the experin1e nts. 
The effect of time on C D  spectra was investigated by mixing 2.0 � of l x l O-2M 
metal ion \\.'i!h 50 ppm ct- D A or 2 .0  � of 5 .0xl 0-4 M metal ion with 4x l O-6M GQ. The 
solutions were monitored up to 60 min. 
A 4xl  0-6M random coil ssD A, GQ structLn'e and 50 ppl11 (-5x  1 0-9 M )  ct- D A 
\\'ere titrated with trivalent cations till almost no changes obtained, indicating saturation 
level A 5 min incubation time intervals were applied after each addition in C D  
titrations. Dilut io n  mctor was corrected through all measurements. 
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2 .4.3 Fluore ce nce e x pe riment of TIJ3+ ion 
Tb3+ ion v;a cho en among nine metal i ns to tudy its effect on ct- D  and GQ 
D using iluore cence.  Emis ion pectra of Tb3+ ions ere measured using excitation 
v;a\, I ngth (Ae, )  = 220 run 
I nteraction of Tb3+ ions wM ct-D A "  a studied by titrating a 1 0-5 M Tb3+ ions 
with 1 00 ppm (- 1 0-8 1) ct- D A (0-400 !-iI) in  1 0 .0  mM Tris- HCI buffer, pH= 7 .4 .  
Interaction of Tb3+ ions "'1th GQ was studied b titrating 1 0-5 M Tb3+ ions with 
1 .27x l O -4 M GQ (0- 50 !-iI) in 1 0 .0 mM Tris- KCl  buffer. pH= 7 .4 
The effect of Od3 ions on llUninescence of Tb3+_GQ complex was studied by 
titrating the complex formed by mi-'Xlng 1 0-5 M Tb3+ ion with 1 . 88x l O-6 M GQ with 1 0-5 
Gd3+ ions (0-220 !-iI) . Measurements were made in 1 0 .0 mM Tlis-KCl  buffer, pH= 
7 "+ .  
Effect of GQ 's  addition on co- luminescence of Gd3+ and Tb3+ ions was studied 
by titrating a n1i>.:ture of Tb3+ and Od3T( 1 0-5 M each) with 1 .27x 1 -4 M GQ (0-80 !-iI). 
feasurement were lnade in 1 0 .0  mM Tris-KCl  buffer, pH= 7 .4 .  Emission spectra were 
recorded using excitatio n wavelength (Aex )= 220 nm (absorption Amax ofTb3+). 
2 .4.4 D e te nnination of binding coe fficie nts 
Binding constants of trivalent cations with nucleic acid were calculated usmg 
Scatchard equation based on C D  titration measurements [ 1 24.  1 89] :  
( 1 )  
where Rr is the average number of cation bound per one binding site of nucleic acid and 
can be calculated by the equation: Rr =(h - 110)/ (hs-ho), h is the peak height after each 
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addition of cation concentration ho and hs represent the peak heights of nucleic acid in 
ab ence of cation and at aturation with cation. re pective ly. 
Binding afIinit) ( K )  was also calculated using -Visible spectrophotometry 
ba ed on equation 2 [ 1 90] .  A 3 . 0 ml of 50 ppm (5x l O-9M)  ct- DN A was titrated 'with 1 0-2 
M metal ions (0-40 �). 
1 
(2)  A - A  o 
where Ao and A are the absorbance of DN A in absence and presence of trivalent cations 
at 260 nm. AI' is the :final absorbance of M3 -D A. A plot of l /(A-A.o) versus 1 /[M3+] 
give straight line whose ratio of intercept to the slop gives the binding constant. All 
pectra were corrected for dilutio n effect. 
Binding constant (Kb) of 1b
3+ with ct- D A was also calculated using equation 3 
ba ed on UV-Visib le ab orption meaSLrrements : 
Ao 
A-Ao 
Cr C T 1 --=-- + ---- --
£ T -O - £ T 8 T -0 - 8 T J(b [ DNA] ( 3 )  
Ao and A are the absorbance o f  1b
3+ in absence and in presence o f  DNA. E T  and E T-D 
are their absorption coefficients, respectively. The term T and T - D represent Tb (I I I )  and 
Tb- D A. respectively. Kb  can be easily detemlined by the plot of Ao/(A- Ao) versus 
1 /[D A] which is equal to the ratio of intercept to the slope. [ 1 46. 1 47] 
Scatchard modified equation 4 was also used to calculate the binding affinity of 
Tb3+ ion towards ct- D A and GQ using fluorescence spectrOlneter: 
rlef = K(n - r) (4)  
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v. here r is th nwnb r of rmle of Tb3T ion botmd to one rml of ct- D A or GQ 
( 'of D 1\ ). n is the mnnber of equivalent binding ites and K is the binding affinity of 
Tb3� ion to\-vard the binding site . C r and Cb are the concentration of free and bound 
Th3+ iOIL re pectiyel) . F C ( I - a) and Cb= C- C r. where C is the total concentration of 
Tb3+ ion and a is the fraction of bolll1d Th3+ ion and equal to (F r  - F )/( Fr - Fb). where Fr  
and Fb  are the flu resc nce of free and full bOlmd Th3+ ion at 547 nm re pectively and 
F is the fluoresce nee after certain addition of D A at 547 nrn through the titration. 
Th binding toichiometJic ratio (binding coefficient) is obtained by the plot of 
the absorbance through the addition of trivalent cation erses the molar ratio of the 
cation to ct- D A, D A and GQ D A at 275, 265 and 293 nm .respective ly [ 1 77) .  
2A.S e lectiv ity coe fficie nts of  triva le nt me ta l ions ' inte raction with DNA 
+ 
Eftect of K IOns on the interaction of trivalent ions with D A was estimated 
based on C D  measurements. A 1 : l (M3+: D A) prepared by mL-xing a trivalent ion with 
random coil s D A (4xl O·6 M each) was mixed with 1 00. 1 000 and 1 0.000 folds of KCL 
All measurements \vere made in 1 0 .0  mM Tris- HC I buffer. pH=7. 5 .  
I f  the signals (Ssample) measured in absence and presence of interfeling ion are 
given by equations 5 and 6 :  
(5 )  
(6) 
+ 
Where Ki and KA are the slopes of the cahbration curves of the interfering ion ( K  ion) 
and the investigated ion (trivalent ion) Ci and C A are the concentrations of the 
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interfering and inve igated peCle , I and A are the ignals of interfering and 
inYe l igated pec ie . re pectivel '. 
The lectiv ity coeffic ient is determined using equation 7 .  
2A.6 M e lting tempe rature curves 
K -=K.!T< , 1  r .l.'- ( 7 )  
Melting temperanrre curves o f  ct-D A and GQ structures in absence and 
presen e of trivalent ions were obtained using CD measuren�nts. Melting temperatures 
of single strand random coil DNA in presence and in absence of Gd3.;. ion were 
detemlined. 
To detemnne n�lting temperature Clll-ve of ct- DNA, A 3 .0 ml of ct- DNA (50 .0 
ppm: -5x l O-9 M) in 1 0 .0  mM Tris- HCI buffer. pH=7.4, was heated (25-98 DC ) and its 
C D  was recorded at 275 run using 5 min tiIne interva ls after each temperature. 
E:tIects of trivalent ions on melting temperature ( Tm )  of ct- D A were estinlated 
by recording the �lting temperature curves of complexes formed by mixing ct-D A 
(50 ppm. 5x 1 0-9 M )  with trivalent ions (5 ppm) in 3 .0 rn1 of 1 0 .0 mM Tris- HCl bu:tIer. 
pH=7.4. C Ds of resuhant solutions at 275 nm were measured by applying 5 .0  min time 
interval after each temperature in the range 25-98 DC . Diffurent molar ratios of M3+ to 
D A are illust rated in Table 5 .  
Similarly Tm o f  GQ was determined in absence and presence o f  trivalent ions 
usmg 1 ml of 4x l O-6 M 22AG in I O  rnM Tris- KCl  buffer, pH=7.4 over the temperature 
range 25-98 DC . Tm of GQ in presence of trivalent ions were recorded using 1 : 1 
( M3+:GQ) in 1 0 .0 mM Tris-K C l  buffer, pH=7.4 .  
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- frect of temperature on random coil s D A was evaluated by measuring the C O  
pectra of 1 ml of 2 2  G (4xl O-6 M) in 1 0 _0  mM Tris- HC l buffer, pH=7. 5 .  Melting 
temperature CUf\' of 1 : 1 (Gd3+ random coil D ) was determined in 1 0.0 mM Tris-
H I buffer. pH=7 . 5 .  Tnl value obtained were compared with Tnl values of M3+-GQ 
comp lexe obtained in pre ence of K+. 
. 3+ Table 5. ConcentratJ 115 of M ions, molar ratio and nwnber of ions per ct- O A base 
pair used in recording melting temperature curves. Concentration of ct- D A used is 
5x l 0-9 M 
Comple x MJ+ ion conc. (M )  M ola r ratio (r) M olar ratio ( r) 
[ M 3+1 ctDN A  pb] 
[Ce3+lct- DNA] 3 . 5 7  X 1 0-5 7 1 36.94 0.48 1 744 
[Sm3+lct- DNA] 3 . 3 2  X 1 0-5 6650.70 0.448922 
[Gd3-'kt- DNA] 3 . 1 8  X 1 0-5 63 59 .30 0.429253  
[1b3+lct-DNA] 3 . 1 5  X 1 0-5 6292.26 0.424728 
[D).3+/ct- DNA] 3 .08 X 1 0-5 6 1 5 3 . 85 0 .4 1 5385  
[H03-/et- DNA] 3 .03 X 1 0-5 6063 . 1 7  0.409264 
[Au3 let- DNA] 2.54 X 1 0-5 5077.00 0. 342698 
[OS3T/ct- DNA] 2 .63 X 1 0-5 5256 .79 0 .354833 
QRl13�/ct-DNAJ 4 .86 X 1 0-5 97 1 7 .65 0 .655942 
2A.7 Effe ct of time on formation of M eta l- D N A  comple x 
Efrect of time on C D  spectra of M-ct- D A and M-GQ complexes was studied 
by preparing complexes with the molar ratios given in Table 5 or 1 : 1 M-GQ . CD 
spectra of resultant mixtures were recorded up to 48 hours. Gadolinium and Gold 
complexes of random coil D A were prepared sin1ilarly ( 1 : 1 molar ratio) and their CD 
spectra were recorded up to 48 hours. Effect of  time in presence and absence of  K + ions 
was also tested. 
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C HA PT E R  T H R E E  
RESULTS AN D D ISCU SSION 
3 . 1 UVN' pectral  tudie on inte ractions of triya lent metal  ions with DNA 
6 1  
Th purin and pyrimidines base of D give abroad absorbance band at 
�60rull originate from n�n* and n �n* transitions. Interactions of metal ions with 
D bas s result in change ill ab orbance and/or pectral hift of this band. In  this 
chapter. the ffect of pH on th ab orbance of metal ions was studied using UV - Vis 
pectro copy. TIleR interactions of the rare earth and trivalent heavy metal ions; Ce3+. 
tudied in ab en es of K'" ions and with GQ DNA in presence of K+ ions. 
3. 1 . 1  Effect of pH on  a bsorbance of triva lent metal  ions 
physiological pH 6 . 5 -8 . 5  were tested in 1 0 .0  mM Tris-HCl  bufter using UV-Vis 
absorption pectroscopy. Figures (29- 3 7) show the effects of pH changes on UV - Vis 
chloride. perchlorate or nitrate salts. 
UV -Vis spectrum of the rare earth Ce 3+ ions (CeC� ) is shown in figure 29. Split 
peaks at 220. 255  and 300 ( sh) are observed. I ntensities of the 220 and 255 Inll bands 
were found to decrease by increasing the pH whereas that of the 300 nm shoulder was 
increased and red shifted. Figures 30  and 34 show UV- Vis spectra of S rn(ClO 4)3 and 
HoC!., in Tris- HCl  buffer pH 6 .5 -8 . 5 .  Spectra enriched in fine structures were obtained . 
.J 
3-- 3+ . Sm ions showed peaks arOlmd 2 1 0. 280, 400 and 460 Inn. Ho 10115 showed peaks 
around 235 .  280. 3 60. 4 1 0, 450. 475 .  540, and 650 nm These bands were not affected 
by changing the pH in the range 6 .5 -8 . 5 .  Figure 3 1  shows the UV-Vis spectnnn of oi+ 
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ions from GdC l .  ,) houlder at 275 run was not affected by changing the pH. A single 
band at 2_0 run of Th3+ ions (ThC� ) wa affected by 0.2 absorption tmites from 0.8-0 .6 
\\'hi! Dy3+ ions (D)'C� ) \" .. a not much affected b changing the pH from 6.5 to 8 .5  
(Figures 3 2  and 3"') (Table 6) .  oticeably. absorbtion band of 2X 1 0·3 M Dy3-" is very 
weak in 1 0 .0 mM Tris- HCI  buffer [ 1 9 1 ) . 
Gold chloride gave an ab orption band at 220 nm clearly decreased with 
increa ing the pH from 6 .5  to 8 . 5  ( Figure 3 5 ). Figure 36 shows the effect of pH on 
o mium chloride alt. TI1ree bands at 220. 280 ( h) and 360 nm are observed. Intensities 
of the t11ree bands affected slightly by increasing the pH from 6 . 5  to 8 . 5 .  These 
decrea es were associated with slight red shift for the 220 band. UV spectra of rhodiwn 
( I I I )  nitrate howed a UV band at 205 run whose intensity slightly decreased and shifted 
to 2 1 0  nm upon increasing t11e pH (Figure 3 7) (Table 6). [ 1 9 1 ]  
TI1e e results indicated slight effects of pH on absorption spectra of investigated 
trivalent !:retal ions. S light red shifts were observed for niH and Au3-. Rh3+ ions 
whereas no change in AnJa\ ofCe3-'-.Gd3+.Th3+, H03+ and Os3+ were observed. 
Generally. rare earth ions are characterized by narrow and well defined absorption 
peaks little affected by ilie type of ligands and solvents associated with the metal ion 
The reason is simply attnbuted to the involvement of f-f transitions. F orbitals are 
screened from external influences by electrons occupying the orbitals with higher 
principal quantum munbers [ 1 9 1 ) . However, Ce3+, sffi3+ and Ho3+ ions give more t11an 
one absorbance band as illustrated in Figures 29. 30 and 34 and Table 6. 
In general transition metal ions such as Au3+, Os3+ and Rh3+ showed broader absorption 
bands that are nx>re affected by the pH c11a11ge at lower concentrations compared to the 
rare earth metal i ns 3-'­e . 
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th im olvement of d electrons in d-d orbitals' transitions dlUing their ab orption D 
orbitals are outer and strongly influenced b chemical environmental factors -with 
respect to f orbitals. [ 1 9 1 ] 
Overall the pH chang in the range 6 . 5 -8 . 5  have slightly affected the UV-Vis spectra 
of inYe tigated trivalent metal ions. Sinc pH 7 .5  represents the physiological pH where 
duplex and quadruplex 0 A are having the utInost stability, pH 7 . 5  was chosen to 
conduct our interaction experiments between these metal ions and D A. 
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Figure 29 .  UV-Vis ab orbtion spectra of Ce3+ ions from CeC13 (7 . 5x l O-.J M )  Il1 1 0 .0 
mM Tris-HCl  buffer in the pH range 6 . 5 - 8 . 5  
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Figure 30. -Vis ab orbtion spectra of srn3+ ions from S m(C 10 4)3 (2 .5x l 0-2 M) m 
1 0 .0  mM Tris-HCl  butler in the pH range 6 . 5 -8 . 5  
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Figure 3 1 .  UV-Vis absorbtion spectra of Gd3+ ions from GdC13 (3 .9xl O-2 M) ill 1 0 .0 
mM Tris- HCl buffer in the pH range 6 .5 -8 . 5  
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Figure 32. -Vis ab orbtion pectra of Tb3+ ions from TbC13 ( 2 . 5x1 0-3 M) m 1 0 .0 
ruM Tlis- HC l buffer in the pH range 6 . 5 - 8 . 5  
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Figure 33 . UV-Vis absorbtion spectra of Dy3+ ions from DyC13 (2 .0xl O-3 M) m 1 0 .0 
ruM Tris-HC l buffer in the pH range 6 . 5 -8 . 5  
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Figure 34. UV-Vis ab orbtion spectra of Ho3+ ions from HoCI3 ( 3 .0x l O-
2 M)  m 1 0 .0 
mM Tris-HCl  bufier in the pH range 6 . 5 - 8 . 5  
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Figure 35. UV-Vis absorbtion spectra of Au3+ IOns :Ii'om AuC 13 (5 .0xl O-s M )  111 
1 0.OmM Tris- HCl buffer in the pH range 6 . 5 - 8 . 5  
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Figure 36.  UV-Vis absorbtion spectra of OS3+ ions from OsC I3 ( 8 .0x1 0-5 M )  ill 1 0 .0 
mM Tris -HCl buffer in the pH range 6 . 5 - 8 . 5  
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Figure 37.  UV-Vis absorbtion spectra of Rh3+ ions from Rh(N03)3 (4 .0x1 0-5 M )  ill 
1 0. 0  mM Tris-HC l buffer in the pH range 6 . 5 - 8 . 5  
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Ta ble 6.  Change in ab orbance and I'TnaX of trivalent metal ions in 1 0 .0 mM Tris- HCl 
buffer at pH 6.5 - 8 . 5  
M e ta l Ab omance (A) and (lnm.nm) 
Ion 
Ce3�  
sm1+ 
Gd3+ 
Tb3· 
Dy3+  
Ho3 ... 
Au3+ 
o 3� 
Rh3+ 
1 3+ conc. ( M ) 
7 .5  X l O--l 
2 . 5  X 1 0-� 
3 .9 X l O-2 
2 . 5  X 1 0-3 
2 X l O-3 
3 .0 X l O-1 
5 .0  X l O-5 
8.0 X l O-5 
4.0 X 1 0-5 
pH 6 . 5  
0 .50 1 (255  nm) 
0.434 (205 nm) 
O.  J 5 7  (275 om) 
0 .8 1 303 (220 
-
0.264 (235 run) 
0.954 (2 1 5  run) 
0.470 (360 nm) 
0.994 (205 run) 
pH 7 .5  pH 8 .5  
0 .4 1 1 (255 nm) 0.340 (255 nm) 
0.3 1 3  (2 1 0  nm) 0.259 (2 1 5  run) 
0 . 1 63 (275 nm) 0. 1 66 (275 run) 
0. 7 1 32 1  (220 nm) 0.5865 (220 nm) 
- -
0.252 (235 nm) 0.279 (235 nm) 
0.807 (220 nm) 0 .7 1 7(2 1 5  nm) 
0.487 (360 run) 0.453 ( 360 nm) 
0.882 (2 1 0  nm) 0 .857  (2 1 0  nm) 
3. 1 .2 I nte ractions of triva le nt me ta l ions with human te lome re random coil DNA 
Interactions of the nine trivalent metal ions Ce3+, sm1+. Gd3+, Tb3+, Dy3+, Ho3+, 
Au3+, OS3.,. and Rh3+ with human telomere random coil single stranded DNA 
AGJ(T1AGJ)3 . were studied using UV- Vis spectroscopy. Random coil S ingle stranded 
DNA gives m'o absorption bands at 2 1 0  nm and 255  nm The 255 nm band is attributed 
to the n-11: * and 11: - 11:  * transitions of the guanine and adenine bases. 
F igLrres 3 8-46 show the UV -Vis titration of human telomere random coil single 
Additions of the rare earth trivalent ions Ce3+, Slu3+, Gd3+, 1b3+, Dy3+ and H03+ have 
shov.n to decreas the molar absorption cofficient of hmnan telon�re random coil single 
stranded D A (AG3(T1AGJ)3) at 2 1 0  and 255 nm These decreases were c learly 
associated with blue shifts of the 255  nm band (F igures 3 8-43 ) .  On contrary. additions 
69 
of u3�, 0 3+ and Rh3� metal ions have hovm to increase the ab orption intensities at 
2 1 0  and 2 5 run with light red hifts to the 2 1 0  run band and slight blue shifts to the 
255 run band. ddition of 0 3'" ions has also resulted in increasing the intensity of the 
ab orption at 360 nm band belongjng to Os3+ ions. These results clearly indicated 
ignificant interactions between all investigated metal ions and hlllTIan telomere random 
coil D A ba m 03(T:! 03 )3 . 
Figures 3 8-43 how the effects of adding Ce3+, ni3+, Gd3-r. Tb3+. Dy3+ and H03+ 
ions to hl.ll11aD telon�re random coil sD A. The intensities of the bands at 2 1 0  and 260 
run have ignificantly decreased b increasing the metal ion concentrations . These 
alterations in rrolar ab orptivity of D A are associated with shills in A. to slightly m ax 
shorter wavelengths . These results c learly indicate that trivalent lanthanide ions are 
binding to the D A bases through intercalat io n  binding modes. 
Gang Wu et al have pointed out that trivalent lanthanide metal ions can facilitate 
the transformation of G rich DNA single stranded to the G-quartet structures [95] .  A 
triple-decker G dodecarner containing a single metal ion in the central G-quartet was 
verified in presence of lanthanide n�taI ions. This triple-decker c luster is quite stable 
due to the very strong ion dipole interactions between trivalent cations and 06 carbonyl 
oxygen atoms from the guanine bases. They also suggested that the G-quartets 
containing trivalent cations are rrore c losely stacked than those containing mono - and 
divalent cations which firrther enhance the stability of the stacking G-quartets in the 
former ones. 
Our results for interactions of Au3+, OS3+ and Rh3+ transition ions with random coil 
ssD A ( A03(T2A03 h )  are similar to the findings obtained by Sasi and Nandi on Rh3+ 
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ions' interaction 'v\itb ct- D A [ 1 3 1 ] . However, interactions of u3-, 0 3- and Rh3+ ions 
with ht.rrnan telomere random coil ssD A are much fu ter than tho e reported with ct­
D . Alterations in th intensity of the band at 260 nm upon addition of Rh3+ ions 
to ct- D were correlated Vvith binding the metal ions to purines and pyrimidines bases 
of ct- D . However, binding of Rh3+ to the phosphate was considered more 
predominant at low metal ions' concentrations. A confirmation for binding with bases 
v,'as obtained b the red shift in ct- D A UV spectra. These shifts are obtained by 
disrupting the hydrogen bonds between base pairs and consequent binding of Rh3+ to the 
ba e resuhing in shifts in the po itions of Amax .  Similar results were reported for 
uJ"'and cu2+ binding Vvith DNA [ 1 32 ,  1 33 ,  1 92 ] .  
TI1US, it seems that Au3+, Os3+ and Rh3+ IOns bind with random coil ssDNA 
( ACh(T2ACh)3 ) through intercalation on pyrimidine and pLUine bases. Electrosta6c 
mteraction \'vith pbo phate backbone might have occurred at high lnolar ratio 
[M3+/D A] .  Additions of Rh3+ ion induced the lowest absorbtion intensity change 
armng Au3+and 0 3 ions. 
Figures 3 8-46 indicate that absorption intensity of random coil ssD A at 2 1 0  and 
260 nm continue to decrease or increase by additions of trivalent ions up to at molar 
ratios r of 3 8- 62,  [M3+]I[DNA] . This could be explamed based on mixed interactions of 
trivalent metal ions with guanine bases, external loops and/or phosphate backbone. GQs 
D A of ACh(T2ACh)3 sequence was proved to accommodate two Ireta I ions per 
molecule. The two rretal ions are localized in the mterstitial planes and coordinate with 
the guanine and carbonyl 0 within the cavities between the three G-tetrads. Excess 
Q) o C <0 .0 
o '" .0 � 
7 1  
metal i ns rna bind eith r \vith the external loop and/or pho phate backbone similar 
[ 1 86] .  
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Figure 38. UV-Vis absorption spectra of AG3(T2AG:3)3DNA (4x1 0-6 M )  titrated with 
Ce3-'- (5x1 0-4 M; O. 2, 4, 6. 8 ,  1 0. 1 2 . 1 4, 1 6, 1 8 . 20. 26 32,  38 ,  44, 50. 60. 70. 80, 90, 
1 00. 1 20, 1 40, 1 60. 1 80. 200. 220. 240, 260, 280, 300, 320, 340. 360, 3 80 and 400 !-ll). 
Titratio n was run in 1 0.0  mM Tris-HCl, pH 7 .5  at room temperature 
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Figure 39. UV-Vis absorption spectra of AG3(T2AGJ )3 D A (4x 1 0-6 M) titrated with 
Srn3- (5xl O-4 M ;  O. 2. 4. 6. 8 ,  1 0, 1 2, 1 4 , 1 6. 1 8 , 22, 26, 36, 46, 56, 66, 86, 1 06, 1 26, 
1 46. 1 66, 1 86. 206. 226, 246. 266, 286 and 306 Ill) .  Titration was nm in 1 0 .0 mM Tris­
HCL pH 7.5 at room temperature 
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Figure 40. - Vis absorption spectra of AG3(T2AG3 )3 D A (4xl 0-6 M )  titrated with 
Gd3� (5xl O-4 M;  0, 2,  -t. 6, 8 . 1 0. 1 5 , 20, 30, 40, 50, 60, 80, 1 00, 1 20. 1 40, 1 60, 1 80, 200. 
220, 240. 260. 280, 300.  3 50, 400, 450 and 500 �). Titration was nm in 1 0 .0  mM Tris­
HCL pH 7.5 at room temperature 
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Figure 4 1 .  UV-Vis absorption spectra of ACb(T2ACb )3 D A (4x 1 0-6 M )  titrated with 
Th3� ( 5x 1 0-� M :  0, 2 .  4 .  6. 8 ,  1 0, 1 2 , 1 4. 1 6, 1 8 , 20. 26, 32  38 , 44, 50. 60, 70, 80, 1 00. 
1 20. 1 40, 1 60, 1 80, 200, 260 and 300 �). Titration was run in 1 0 .0  mM Tris-HCL pH 
7.5 at room temperature 
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Figure 42 .  UV- Vis absorption spectra of ACD(T2ACD)3 DNA (4xl O·6 M) titrated with 
Dy3� (5xl 0·4 M:  0, 2 ,  4, 6, 8 , 1 0, 1 5 , 20, 30, 40, 50, 60, 80, 1 00. 1 20. 1 40, 1 60, 1 80, 200, 
220. 240. 260. 280. 300, 350, 400, 450 and 500 �). Titration was nm in 1 0 .0 mM Tris­
HCL pH 7 .5  at room temperattrre 
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Figure �3.  -Vis ab orption spectra of ACD(T2ACD)3 D A (4xl O-6 M )  titrated with 
Ho3+ (5 1 0-4 M� O. 2, 4, 6, 8. 1 0 . 1 2, 1 4, 1 6, 1 8 , 22, 26, 30,  34, 42, 52,  62, 82, 1 02.  1 22, 
1 ·+2.  1 62.  1 82 ,  202, 222. 242, 262, 282, 302,  322 and 342 !Jl). Titration was nm in 1 0.0 
mM Tris- HCL pH 7.5 at room temperature 
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Figure 44. UV-Vis absorption spectra of ACb(T2AG3 )3 DNA (4x l 0-6 M )  titrated with 
Au3"'" (5xl 0-4 M :  (0. 2 .  4 6. 8, 1 0. 1 2, 1 4, 1 6, 1 8 , 20, 26, 32 .  38 .  44. 50. 70. 90. 1 1 0. 1 30, 
1 -0. 1 70. 1 90. 2 1 0, 230.  _50.  300. 350  and 400 �. Titration was nm in 1 0. 0  mM Tris­
HCl pH 7 .5  at room temperatln-e 
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Figure "'5.  UV-Vis absorption spectra of AG3(T2AG:3)3 DNA (4x l 0·6 M) titrated with 
Os3- (5xl O·-1 M :  0, 2. 4, 6.  8 ,  1 0, 20, 30,  40, 60, 80, 1 00.  1 50. 200. 300 and 400 fJl)· 
Titration was nm in 1 0 .0  mM Tris -HCL  pH 7.5 at room temperature 
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Figure 46. UV-Vis absorption spectra of AGJ(T2AGJ )3 DNA (4x1 0-6 M )  titrated with 
Rh3+ ( 5x1 0-4 M;  0, 2 ,  4, 6, 8 , 1 0. 1 5 , 20, 30, 40, 50, 1 00, 1 40 1 80, 220, 260, 280. 300, 
350  and 400 �). Titration was TIm in 1 0 .0 mM Tris - HCL  pH 7 . 5  at room temperature 
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3. 1 .3 I nte ractions of triva le nt me ta l ions with human te lomere GQ D N A  
Human telomeric D A consists o f  tandem repeats o f  (ITAGGG) fold to form 
tabilization of GQ wa shov.n to inlnbit the activity of telomerase enzyme and 
therefore ha becon-e an attractive target for developing anticancer therapeutic agents. 
ub equ ntl] . GQ tructure fonned under physiological conditions are of high 
importance. multiple different GQ conformations mixed hybrid - type 
(paralleVantiparallel) and ba ket -type structures was suggested for the 22 bases 
d [  GGG(IT GGG)3 ] sequ nce in K-r solution contain three G-tetrads, con ected 
consecutively v.ith either double-chain- rever al side loop and two lateral loops 
consisting of ITA ( in hybrid-type) or connected with one diagonal and t\N"0 lateral ITA 
loops (in ba ket-type). u and coworker confirrned the fomlation of mixtures GQ 
confonnations hybrid- type and charr-type instead of basket-type. Basket-type and chair­
type are anti- paralle l tructures and give sin1i.1ar C D  spectra while the difference is in 
folding topology where charr-type consist of three lateral ITA loops and does not form 
diagonal loop as in basket-type. This rnixiures of multiple GQ confonnations appear to 
be predominant for the 22 bases telon1eric sequence and most likely of phal1113cological 
relevance .  This distinct folding topology suggested that this GQ structure can be 
specifica l ly  targeted by GQ interact ive small molecule drugs. [39, 40] 
In our experiments. GQ conformation was fom1ed from human telon1ere DNA 
sequence AG3(T2AG3 )3 in Tris-KCl  buffer pH= 7.4 in presence of K+ ions by suitable 
heat treatment. A hybrid paralleVantiparallel confonnation was confirmed using CD 
spectral measurel11e nts. 
8 1  
F igure 47, �0- 5 7  show the titrations of fom1ed GQ structure 
( CD(T:!AG3 )3 ) \vith trival nt metal ions. Two absorption bands around 2 1 0  and 255  run 
are identifi d. dditions of the lanthanide trivalent ions; Ce3.... IJ:il"', Gd3"', Tb3 -r, Dy3+ 
and H03'" to GQ in the molar ratios 0 .0  to 50 .7  ( [M3"' ]/[D A] decreased the absorption 
intensit) F igure 47.  50- 54). On contrary. additions of Au3+, OS3+ and Rb3+ increased 
the ab orption intensity at both wavelengths (F igures 55 -57 ) .  These changes clearly 
indicated interactio ns between inve tigated trivale nt ions and GQ . 
ccording to luskov.iak and coworkers, Tb3+and Eu3 ions interact with GQ of 
hmnan telorreric sequence d(G3TzACDT2ACDT2ACD) ,  01te12 1 ), through encapsulation of 
ions in the central cavity of quadrupJex core [ 1 86] .  111e complexes fOm1ed possess 
antiparallel trand orientation, similar to sodium-quadruplex. At low Tb3+ concentration 
8 �) Tb3"'/hte12 1 .  a highly stable structure (5x l 06 M- I )  with stoichiometry 5-7 Tb3-'­
ions per one quadruplex molecule is fom1ed. Two Tb3+ ions were assumed to be 
acconmX)dated into the cavity of quadruplex and the remaining 3 -4  Tb3+ions bind 
probably to ITA loops of quadruplex. At higher concentration of Tb3+ (> 1 0 � )  
exceSSIve binding o f  Tb3+ ions result in structure's transformation into different 
organized assembly that destabilizes quadruplex by possessing multiple positive charge. 
Displacerrent of Tb3+ ion by alkali metal ions is dependent on the type of ions and 
concentrations of both Tb3-'- and alkali ions and increase in the order Li� Na� K+ that 
correlates with their binding affinity to G4 structure . 
This might be lUlderstood since the ionic radius of Tb3 (0 .923 A) is smaller than 
that of Lt (0 . 76A), Na+ ( 1 .02 A) and K+ ( 1 . 3 8  A) ions using coordination number six 
[ J 93 ] .  These results are also sin1ilar to the results obtained by Bunzli on Ca2+ and Znh 
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i ns' int ractiol1S v.ith D A [98) .  He demonstrated that both ions coordinate through 
the cavitie of GQ tru ture . Ionic radii of Ca2+ and .zn2-'- ions are comparable to 
inve tigated lanthanide ions Ce3+= 1 .0 1  A In' = 0.958 A Gd3+= 0.93 8 A. Tb3+= 0.923 
A Dy3+= 0.9 1 2  A H03-;-= 0 .90 1 are comparabl to Ca2+( 1 .00 A) and Zn2+(0 .740 A) 
lomc rad ii using coordinatio n nwnber six [ 1 93 ] .  
Figure 47-49 how titration o f  GQ D A by Ce3+ ions. bsorption intensity of GQ 
increa ed upon initial additions of Ce3+ ( up to 1 0 � of 5x l 0·<1 M ), fonowed by 
continuous decrea e \\1tb increasing Ce3+ ions' concentration (up to 400 � of 5x l O·<1 M ). 
This beha\'ior indicated an interaction mode between Ce3+ ions and GQ based on 
binding with guanine ba es in the interstitial planes of G- tetrads. sin1ilar to an other 
trivalent lanthanide ions. The initial increase in absorption intensity at 260 nm can be 
attnbuted to the fuct that Ce3+ iOl1S exlllbit an absorption band at 255 run which overlays 
\\itb the D A at 260 nm. 
F igures 55 -57  show the -Vis titrations of Au3-, Os3+ and Rh3+ ions using 5 min 
incubation inter\'als after each addition. On contrruy to lanthanide metal ions, additions 
of the three Iretal ions ha e slightly increased the absorption intensity of GQ at 260 and 
2 1 0  run TIle band at 2 1 0  run also showed slight red shift upon additions of Au3+ (0-400 
).lL 5 x l 0'4 M), Os3-'- (0-400 ).lL 5xl 0·<1 M) and Rh3+(0-6001-ll 5xl 0·4 M) ions 
Our results on Au3+. Os3+ and Rh3 interactions with GQ seel11S sin1ilar to that with 
random coil ssD A (AGJ(T2AGJ )3 ) previously discussed (section 3 . 1 .2 ) .  Interactions of 
the three ions with human telomere GQ seems slow sin1ilar to ct-DNA and opposite to 
random coil ssD A. Alterations in UV -Vis spectral bands of GQ at 260 nm upon 
addition of Au3-'-, Os3+ and Rh3+ ions indicated intercalation modes based on binding 
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\\itb guanin base ill the G-quartet planes mlxed with electrostatic interaction on  
pho phate back bon . Additions of 0 3+ and Rh3+ ions induced smaller changes in 
ab orbtion intensity compared to u3...  low replacement of K+ ions v.ithin the GQ by 
the thre triyaient transitions ions might be attnbuted to the large differences in ionic 
ize . K+ ion ha ionic radius of 1 .3 8  while a the ionic radii o f  Au3- is 0.85 A. Os3+ is 
- 0.70 A and Rl-tl+ is 0.665 usmg coordinatio n number six [ 1 93 ] .  
Titration o f  GQ ( 4  1 0-6 M) with Os3+ ions (2-400 � 5x l O-4 M )  showed slight 
c hange in molar absorpt.i\ity at the 260nm band of D A and significant increases in the 
molar ab orpti\ity at the 3 75nm band belonging to OsC l Figure 56) .  Reversed titration 
of 0 3'" ions (2 . 5x l O-5 M )  with GQ (2-80 � 4x l 0-6 M)  is shown in F igure 5 8 .While the 
o 3- band at 3 75 nm c lear lU1changed, the molar absorptivity of the 260nrn band of DNA 
has increased upon addition of GQ . These expemnents confirm a slow interaction 
process between OS3+ ions and GQ DNA OS3+ ions initially interact e lectrostatically 
with phosphate backbone at low concentrations followed by a slow replacement process 
of K ions in G-quartet cavities at high concentrations. The fast interaction processes 
observed dtning the titration of random coil (4xl  0-6 M )  with OS3+ ion (2-400 � 5x l O-4 
M )  can be attnbuted to the fuct that the D A Imlecule is single stranded and the 
absence of replaceable K+ ions. Thus Os3+ seems to electrostatically bind to the outer 
sllli:ace of GQ D A at low concentration and by coordination with the pyrimidine and 
purine bases at high concentration in a slow fashion processes. Further expemnents will 
be conducted using C D  spectroscopy to prove the mode of this interactioIL 
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Figure �7.  UV-Vis titration of GQ DNA: sequence ACh(T2AG3)3 (4x 1 0-6 M )  titrated 
\\itb Ce3+ ions (0, 1 20, 1 40, 1 60, 1 80 200, 220, 240, 260, 280, 300, 350  and 400 IJl; 
5x1 0-4 M )  in 1 0  ruM Tris-KCL pH= 7.4 at room temperature 
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Figure 48.  UV-Vis titration of GQ DNA; sequence AG3(T2AG3 )3 (4xl 0-6 M) titrated 
v.1th Ce3- ions (0, 1 0, 1 5 . 20, 25 ,  30, 40, 50, 60, 80 and 1 00 � 5x l 0 -4 M)  in 1 0  mM 
Tris- KCL pH= 7.4 at room temperature 
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Figure 49. UV-Vis titration of GQ D A; sequence AG3(T2AG3)3 (4xl O·6 M )  titrated 
\vith Ce3-'- ions (0. 2 .  4. 6, 8, 1 0 � 5xl O·4 M )  in 1 0  mM Tris- KCL pH= 7.4 at room 
temperature 
300 
Q) u c 
(1) .0 
(; <I) 
.0 q: 
87 
0 9  
0 8  
0 7  
0 6  
0 5  
0 4  
0 3  
0 2  
0 1  
0 
-0 1 
200 220 240 260 280 300 320 340 360 380 
Wavelength [nm] 
Figure 50.  UV-Vis titration of GQ D A; sequence ACD(T2ACD)3 (4x l O-6 M) titrated 
\vith sffi3+ ions (0. 2 . 5 .  1 0, 1 5 . 20, 25, 30, 40, 50, 60, 80. 1 00. 1 20, 1 40, 1 60, 1 80. 200. 
220. 240. 260. 280, 300. 350 and 400 � 5xl 0-4 M )  in 1 0  mM Tris- KCl pH= 7.4 at 
room temperature 
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Figure 5 1 .  UV-Vis titration of GQ D A; sequence AG3(T2AG3 )3 (4x 1 0-6 M) titrated 
with Gd3+ ions (0, 2 , 5 , 1 0, 1 5 , 20, 25 , 30, 40, 50, 60, 80, 1 00. 1 20, 1 40, 1 60, 1 80, 200, 
220, 2'+0, 260, 280, 300, 350  and 400 IJl; 5x1 0-4 M )  in 1 0  mM Tris- KCL pH= 7.4 at 
room temperature 
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Figure 52.  UV-Vis titration of GQ D A; sequence AG3(T2AG3)3 (4xl O·6 M )  titrated 
\vith Th3+ ions (0. 2. 5 .  1 0. 1 5 , 20. 25 .  30. 40, 50, 60, 80, 1 00. 1 20, 1 40. 1 60. 1 80, 200. 
220. 240. 260. 280, 300. 350 and 400 � 5x l O·4 M) in 1 0  mM Tris- KCL pH= 7.4 at 
room temperature 
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Figure 53. UV-Vis t itration of GQ DNA; sequence AG3(T2ACb)3(4x1 0-6 M )  titrated 
with Dy3-'- ions (0. 2 , 5 .  1 0, 1 5  20, 25 , 30, 40. 50. 60. 80, 1 00. 1 20, 1 40, 1 60, 1 80, 200, 
220. 240. 260, 280, 300. 350  and 400 � 5xl O-4 M) in 1 0mM Tris-KCL pH= 7.4 at 
room temperature 
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Figure 54. UV-Vis titration of GQ D A; sequence AG3(T2AG3 )3 (4x1 0-6 M )  titrated 
with H03- ions (0, 2 .  5 .  1 0, 1 5 , 20. 25 ,  30, 40, 50, 60. 80, 1 00, 1 20, 1 40, 1 60, 1 80, 200, 
220, 240. 260. 280,  300, 350 and 400 � 5x1 0·4 M) in 1 0  mM Tris- KC� pH= 7.4 at 
room temperature 
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Figure 55. UV-Vis titration of GQ D A; sequence ACb(T2ACb)3 (4xl O·6 M) titrated 
with Au3- ions ((0, 2 , 4 . 6, 8 . 1 0. 1 2 , 1 4, 1 6, 1 8 . 20, 25 , 30, 40, 50, 60, 80, 1 00, 1 20, 1 40, 
1 60, 1 80. 200. 250,  3 00, 350  and 400 � 5xl O·4 M) in 1 0  mM Tris-KC� pH= 7.4 at 
room temperature 
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Figure 56. UV- Vis titration of GQ DNA; sequence ACb(T2ACb )3 (4x1 0-6 M) titrated 
with OS3-'- ions (0, 2 .  5 ,  1 0, 1 5 , 20, 25 .  30, 35 , 40, 45 , 50, 55 , 60, 70, 80, 1 00, 1 20, 1 40, 
1 60. 1 80. 200, 220. 240, 260, 280. 300, 350  and 400 � 5xl O·4 M )  in 1 0  mM Tris- KCl 
pH= 7.4 at  room temperahrre 
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Figure 57.  UV-Vis titration of GQ D A sequence AG3(T2AG3)3 (4x I 0-6 M) titrated 
\\-itb Rh3+ ions (0. 1 0 . 1 5 . 20. 30. 40. 60. 80. 90, 1 00. 1 20. 1 40. 1 60, 1 80. 200, 220, 240. 
260. 280. 300. 350  400. 450. 500. 550 and 600 � 5xl O -4 M) in 1 0  ruM Tlis -KCL pH= 
7.4 at room temperature 
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Figure 58. UV- Vistitration of Os3+ions (2 . 5  X l O-5 M) with GQ D A sequence 
AGJ(T}AG3)3 , (0, 2, 4, 6, 1 0, 1 5 , 20, 30, 40, 50_ 60 and 80 � 1 .3x l O-4 M) in 1 0m 
MTris- KCL pH= 7.-+ at room temperature 
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3.2 Inte raction of trivale nt me ta l ions "lth Culf thymus D lA (ct- DNA) 
3.2 . 1  I nte ractions of lanthanide me tal ions with ct- D A us ing CD pectro copy 
Circular dichroism of D arises from the chromophoric ba e interacting v.ith 
ugar- pho phate groups and having exciton interactions with each other. C D  spectra of 
D depend on the \"\inding angle and change in relative positions of the bases relative 
to the sugar- pho phate groups. 
Calf tll)1TIUS D A is a right handed B- fonn of D A with molecular weight 
ranged betv;een 1 0- 1 5  million Daltons. I t  is characterized by a negative CD band at 245 
nm caused by the helical structure of DNA and a positive CD band at 275 nm caused by 
base tacking [ 1 94] .  TI1US. conformational changes in the helical structure or base-base 
tacking re ult in changes in intensity or the position at these bands. The mnnber of base 
paIr per ct- D A molecule is shown in (Table 7 )  
Circular Diochrisim (CD) is a very powerful tool to study interactions of metal 
lOllS \\ith D A and evaluate their mode of bindings. Generally, an increase in CD 
intensity at 275  nm upon addition of metal ions to D A indicates a groove binding 
mode. \:t,,-hi1e a decrease in CD intensity demonstrates an intercalation binding nlOde 
[ 1 1 8) .  However. slight changes in CD spectra at 275 nm can be correlated with 
electrostatic nlOde of interactions through the phosphate backbones or with groove 
binding nlOde of interactions [ 1 95 ] .  
F igures 59  to 67 show the C D  titrations o f  ct- DNA ( 5 0  ppm, 5x l O-9 M)  \mth 
3+ 3+ Ce3+, Sffil-. Gd3+, Tbh. Dy3+ and Ho3+ trivalent lanthanide Iretal ions and Au , Os , 
and Rh3
.L 
trivalent heavy Iretal ions ( 1  X l  0-2M M)  using 5 minutes tin1e intervals after 
each addition F igures 59 to 64 show that increasing the concentrations of Ce3+, Sffi3+, 
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d3�. Th3-. Dy3� and H03- metal ions bave igniflcantiy decrea ed tl1e CD intensities at 
275 nm \vhile th band at 245 nm remain d lU1cbanged. On the other band. additions of 
Au3+. 3 .... and Rh3+ ions have lightly changed the CD intensities at 275 nm ( F igures 
65-67) .  
Decr a e in the po itive peak at  275 run and remaining of the negative peak at 
2.+5 run may indicate that tl1e D A B-form has been transfom1ed into more compact 
tructures. It may also ind icate that tl1e extended B- fOlTI1 confom1ation was not altered 
upon the additions of the e ions. These results may indicate Ce3+. Sn13+. Gd3+. Th3+. 
Dy3+ and H03+ lantl1anide trivalent metal ions have interacted with ct- DNA through an 
intercalation binding mode. Several studies confi:rn1ed intercalation beside electrostatic 
binding mode for the interaction of trivalent lanthanide ions [ 1 95- 1 97] .  
in1ilar findings were reported by Gersanovski and coworkers. Changes in CD 
intensity in base-ba  e stacking region (at _ 75 run) 11ave been explained by 
transfom1ation of the B- fom1 confom1ation of D A to a more compact structure [ 1 96] .  
Additions of Th3- ions to ct- D A result in binding the Th3+ ions between the phosphate 
group and 7 of guanine bases simultaneously. This interaction was sho\\l11 to induce 
changes in the geometry of sugar-phospl1ate backbone and the stacking interaction 
between the bases in double stranded DNA. Th3+ ions first neutralize the phosphate 
groups along the DNA backbone followed by aggregatio n of the complex molecule .  
The compact B- fonn differs from ilie regular B-fOlTI1 of DNA in having 
interactions between base and sugar-phospJ1ate are modified and accompanied by small 
increases in the winding and tilt angles [ 1 96, 1 98-200] and a decrease in the size of the 
minor groove. 
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Zirrnneret al reported that Cu2+ and Zn2� metal ions interact on helical D Vvith 
rn;o main mechanisms ( 1 )  binding to phosphate groups and to native D A through a 
mix d chelate between - 7 guanine atom and pho phate groups accompanied by an 
mcrea of the Vvinding angle. (2 )  onl int racting with phosphate \vifu an indirect 
effect on inducing breakage of the water structure and producing DNA structural 
alteration at higher concentratio ns . [20 1 ]  
Gro s and impkin have also shown that 1b3+ binds on two distinct binding sites 
along unpaired residues of polynucleotide chains of 0 A through phosphate groups and 
nucl otid ba es [ 1 97] .  A similar conc lusion \vas provided by Hu and coworkers for the 
intercalation of m-comple es with herring spenn D A. TI1ey suggested an interaction 
roode based on rnL"Ced binding, which contains partial intercalation and electrostatic 
interactio n [ 1 95 ] .  
On other hand, light changes in C D  spectra of ct- DNA upon additions of Au3+, 
3+ 3-Os . and Rh can be atmbuted to weak electrostatic interactions bet\�een these ions 
and the phosphate groups along the D A backbone (Figures 65- 67) .  0 conformational 
changes in D A as we increase the concentrations of these trivalent cations. 
asi et al reported that Rh3+ interact with D A at a very slow rate at room 
temperature. The time needed to attain equilibrium is dependent on the concentrations of 
metal ion. It may take several days for completion at low concentrations, while at higher 
concentrations shorter time period are required for equilibration. UV-Vis spectra of 
D A showed an increase in ab orbance and a red shift in the presence of Rh3+ ions 
while specific viscosity of D A solution was found to decrease asymptotically with 
time and concentrations of metal ion. TI1e melting temperature of D A was found to 
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ll1Crea e at lower Tretal ion concentrations, wherea at lligher \'alue a decrease \vas 
obtained. Th e re uh em to indicate that Rh3+ binds both with the pho pilate and the 
ba e of D . 111 )' also reported that this interaction took 60- 1 20 hours to reach the 
paltau values on time visco ity relationship at room temperature (30 °C ) .1bese UV- Vis 
mea urements indicated that Rh3 binds to the phosphate and to the bases, the fom1er 
corre ponding to the absorption of purines and pyrimidines bases indicated that the 
binding occur \\ith the bases. The disruption of the hydrogen bonds between base pairs 
and consequent binding of Rh3+ to the bases might have given rise to a shift in the 
po itions of Ama,\. However, increase in Tm at lower r values (1' less than 0.4) was 
attnbuted to stabilization of double helical structure DNA by binding Rh3+ 'with 
pho phate backbone. These results are also similar to those of Au3+ interaction Vvith 
D A [ 1 3 3 J  and CUlT Vvith DNA [ 1 32]  systems and indicate that Rh3+ binds with the 
pho phate and the bases of the DNA. 
imilar findings were reported by KanKia and coworkers for the interaction of 
Cobalt hexamine Co �)/ ",lith 1 60 and 3000- 8000 bp ct-D A using CD and 
hydration l11easuren1ents. C D  spectroscopy demonstrated that condensation process is 
length dependent. Short D A showed a decrease in CD indicating conformational 
change to the l1X)re compact B - forrn while the 3000- 8000 bp gave no significant change 
[76]. 
3.2 .2 I nte ractions of he avy metal ions with ct-D A us ing UV-Vis pectro copy 
1 00 
Further inve tigations using -Vis pectrophotometry were performed to 
' . 3� 3- 3+ . confinn the mode of mteractJ.ons of Au , Os , and Rh with ct-DNA. FJglrres 68-70 
ho\\ change in 3+ 3+ 3� pectra of ct- D A upon additions of Au , Os , and Rh ions 
re pecti\.·ely. An incubation time of 5 mm as applied after each addition. Absorption 
band of ct- D at 260 nm were found to mcrease and slightly blue shifted with 
increa ing u3+ and Rh3+ions'\ concentrations. Additions of Os3+ ions ll1creased the 
intensit ies of th band at 260 and 360 run (Appendix. 7, 8 and 9) .  
a i et  al reported that the reaction between Rh
3+ and ct- DNA is a very slow at 
room temperature [ 1 3 1 ] . Addition of ct- D A to Rh3+ in acetate buffer resulted in 
shifting the 380 nm and 475 nm bands to 395 and 490 nm respectively. They also 
reported a shift in the 258 nm band belonging to D A to 272 run upon addition of Rh3+. 
At higher metal ion concentrations, mster equilibrium was attained. Both the 
hyperchromicity as \'Yell as the extent of shift were progressive in nature and found to be 
dependent on the concentration of the metal ion. ince purines and pyrimidines are 
responsible for the absorption at 258 11l11, the spectra indicate the binding of metal to the 
base moieties of DNA. Thus, changes in absorption maxima were not observed in our 
spectra. probably because of the short incubation times betvveen different additions 
(Figure 70). 
Thus. it seems that Rh3+ ion binds to phosphate groups at lower concentration 
and subsequently stabilizes D A by increasing the melting temperature while at higher 
concentrations Rh3+ binds to DNA bases. 
imilar re ults were reported for the interaction of u3� \\ith ct-D 
1 0 1  
by Pillai and 
andi [ 1 3 3 ] .  Th )  also found that Au3- interact slowly with D A over seyeral hOlITS. 
hi:ft of the D A 260 run band and increase in its absorption intensity They concluded 
that u3.,.is predominantly base binder and also binds to the phosphate. I nitially, no 
change in the pectra are ob erved ( under 2 hr). TIm may uggest that Au( I I I) at 
10v" concentrations probably interacts with the phosphate in the initial stages of the 
reaction and participation from the ba e moiety takes place with tin1e. Similar 
interaction with the pho phate group at very low concentration has been reported in the 
ca e of Hg( I I I )  [ 58 ] .  We, therefore. consider that the phosphate interaction probably 
depends on three :factor : time. the value of r. and ionic concentration 
TIle results indicate that Au3+ ions probably bind to the phosphate group in the 
initial stages of the reaction, particularly at low values of r, and participation of the base 
interaction takes place with tin1e. As the value of r increases. participation of the base 
interaction also increa e . Cross- linking of the two strands by Au3+ may take place, but 
a complete collap e of the double helix is not envisaged. It is probable that tilting of the 
bases or rotation of the bases around the glycosidic bond. resulting in a significant 
distortion of the double helix. might take place due to binding of Au3+ to D A. 
Behavior of Ireta! ions in interaction with D A binding sites was classified by 
Zirmner and coworkers into two main groups. Metal ions bind with both phosphate 
group and bases such as Cu2+ and Mn2+ and n1etal ions bind with the phosphate groups 
only. The latter require higller concentrat io ns to alter the D A structure as Mg2+. [20 1 ]  
It have been established that trivalent cations may induce D A condensation in 
aqueous solution through many studies using different 111ethods. As obtained with of 
1 02 
C03+ [76]. Th3+ [ 1 3 5 ] . Mn2+ [202J and Ce3- [ 1 04 ] .  D A condensation wa noticed to take 
place when at least 90% of pho phate group are neutral ized b counter ions [20_ ] .  
Ta ble 7 .  E tin1ated molecular weight of single ba e pair and calculated base pair per 
each ct- D molecule ( 1 07 Da) 
E timat d mole cula r we ight of # of bp per one ct-DNA molecule ( 1 07 D a )  s ingle D N A  base  pa ir (D a )  
675 1 07/675= 1 48 1 4 . 8 1  bp 
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Figure 59. CD titration of ct- D A (50 ppm 5xl O·9 M )  with Ce3+ ions (0, 2. 4, 6, 8, 1 0, 
1 2, 1 4, 1 6, 1 8. 20, 22, 24. 26, 28 ,  30, 32  and 34 � of 1 0.2 M) in 1 0mM Tlis-HC� pH= 
7.4 at room temperature 
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Figure 60. C D  titration of ct- D A (50  ppm; 5x l 0-9 M )  with Sm3+ ions (0, 2 . 4, 6, 8 .  1 0, 
1 2 . 1 4, 1 6. 1 8 , 20, 22. 24 and 26 � of 1 0-2 M )  inl 0 mM Tris-HCL pH= 7.4 at room 
temperature 
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Figure 6 1 . C D  titration of ct- D A (50 ppm; 5x1 0-9 M )  with Gd3+ ions (0.  2 ,  4. 6. 8 1 0, 
1 2 . 1 4 . 1 6. 1 8 , 20. 22, 24, 26, 28, 30, 32,  34 and 36 � of 1 0-2 M )  in 1 0  mM Tris- HC � 
pH= 7 .4  at room temperature 
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Figure 62. CD titration of ct- D A (50 PPI11� 5x1 0·9 M) with 1b3+ ions (0, 2, 4, 6, 8, 1 0, 
1 2 . 1 4, 1 6, 1 8 . 20. 22 and 24 � of 1 0.2 M) in 1 0  mM Tris- HC L pH= 7.4 at room 
temperature 
2 7 . 0 5 2 3 r-----------------------, 
2 0  
1 0  
o 
- 1 0  
- 1 3 . 0 4 2 8 l...-_--'-_-=--'---_---L. __ ....I....-_---'-__ -'--_---'-_----.J 
20 0 2 5 0  3 0 0  35 0 
W a ve l e ng th [nm ] 
4 0 0  
Figure 63. C D  titration of ct-D A (50 PPI11� 5x1 0·9 M )  with Dy3+ ions (0, 2 ,  4. 6. 8, 1 0, 
1 2 . 1 4 . 1 6. 1 8 . 20. 22. 24, 26 and 28 � of 1 0.2 M)  in1 0 mM Tris-HC� pH= 7.4 at room 
temperature 
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Figure 64 . CD titration o f  ct- D A ( 5 0  ppm:, 5x1 0·9 M )  with Ho3+ ions (0, 2 ,  4 ,  6 ,  8 ,  1 0, 
1 2 , 1 4. 1 6, 1 8  and -0 � of 1 0.2 M )  in l 0  mM Tris- HCL pH= 7.4 at room temperattrre 
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Figure 65. C D  titration of ct- D A (50 ppm; 5xl 0-9 M) with Au3+ ions (0, 2, 4. 6 8, 1 0, 
1 2 . 1 4, 1 6  20 and 22 � of 1 0-2 M )in 1 0mMTris- HC � pH= 7.4 at room temperattrre 
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Figure 66. CD titration of ct- D A (50 ppm 5x1 0-9 M) with 053+ ions (0, 2, 4, 6. 8 ,  1 0, 
1 2 . 1 4 . 1 6. 1 8 . 20. 22 and 24 !Jl of 1 0-2 M)  in 1 0mMTris-HCL pH= 7.4 at room 
temperature 
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Figure 67.  C D  titration of ct- DNA (50 ppm 5x1 0-9 M )  with Rh3+ ions (0, 2, 4 6, 8, 1 0, 
1 2 . 1 4 . 1 6, 1 8 . 20 and 22 !Jl of 1 0-2 M) in 1 OmMTris- HC L pH= 7.4 at room temperature 
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Figure 68. - Vis absorption titration of ct- DNA (50 ppm: 5x 1 0-9 M) with Au3 IOns 
(0. 2. 4, 6, 8 ,  1 0 . 1 2 . 1 4, 1 6, 1 8 , 20, 22, 24, 26, 28,  30 35  and 40 � of 1 0 .2 M )in 
1 0rnMTris- HC � pH= 7.4 at room temperature (bottom). UV-Vis absorption spectrum of 
Au3� ion (above) 
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Figure 69. -Vis absorption titration of ct- DNA (50 ppm, 5x1 0-9 M )  with Os3+ ions 
(0. 2. 4. 6. 8 .  1 0 . 1 2 . 1 4 . 1 6, 1 8 , 20, 22, 24. 26, 28. 30, 35  and 40 � of 1 0-2 M )  in 1 0  mM 
Tris-HCL pH= 7.4 at room temperature (bottom). UV-Vis absorption spectnrrn of Os3+ 
ion (above)  
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Figure 70. UV- Vis absorption titration ct- DNA (50 ppm; 5x l O-9 M)  titrated with Rh3+ 
ions (0. 2. 4. 6. 8. 1 0. 1 2 , 1 4, 1 6_ 1 8 . 20, 22. 24_ 26, 28.  30. 35  and 40 � of 1 0-2 M) in 
1 0mMTris-HCl pH= 7.4 at room temperatme (bottom). UV -Vis absorption spectrum of 
Rhh ion (above) 
1 1 0 
3.2.3 toichiome tric ratio of triva le nt me tal  ions to ct-D A 
Figure 7 1  how binding toichiometric ratio of Ce3+. J'11l+. Gd3-. Th3�. D 3+ and H03 -'­
metal ions to ct- D ba ed on CD mea urements. As the approximate number of base 
pair per t- D mol cule is 1 48 1 4  bp. it is possible that a large number of trivalent 
metal ions to bind per one ct- D molecule .  
toichiometric ratio of 0 .7 1 .  0 .55 .  0.74. 0.6. 0 .6 1  and 0.54 of Ce3-r-. J'11l+, Gd3+. 
Th3+ Dy3� and H03+ ions per each ct- D A ba e pair ( [M3+]/[D A] ) were respectively 
obtained ( Table 8). This may ind icate rough! one metal ion per each two base pairs. 
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Figure 7 1 . Plots of CD intensities at 275 run versus different molar ratios of Ce+3, Sm-3 , 
Gd .... 3 .  Th-3 .  Dy-3 and Ho-3 to ct- D A. Titrations were done in 1 0  mM Tris-HCI buffer 
pH 7.4 at room temperature 
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3.2 .4 B inding cons tant of trivale nt me tal  ions "itb ct-D NA 
Binding constant of  lanthanide tri:valent ions to ct- D A were determined usmg 
catchard plots ba ed on CD measillen�nts using equation 1 ( ection 2 .4 .4 :  
RrI[cation]= Kb_KbRr). Binding constants Au3+. Os3+ and Rh3- were obtained based on 
- is titration of 3 .0  ml of ct- D (50 ppm� 5x l 0-9M ) with metal ions ( l O-2M). 
Binding affinitles were cal u1ated usmg equation 2 (section 2 .4 .4 . ;  I /CA-Ao) = l IC�-
Table 8 shows the binding affinities of trivalent lanthanide and transition metal 
IOns. Binding affinitie ranged in 1 . 8 1 - 3 .09 x I 04 M- l for Gd3+. Dy3+, Sm3+, H03+. Tb3+ 
and Ce3+ The transition metal ions Os3+ . Au3+ and Rh3+gave lower binding constants 
ranged in 6. 1 6 - 7.90 x 1 02 M- l , ie. arOlmd l OO times less than lanthanide metal ions . 
tronger binding affinities of lanthanide ions towards ct.- DNA indicate the binding along 
the base and pho phate binding sites. Week binding affinities between transition metal 
ions and ct- D A can be attnbuted to the slow binding rates of these ions towards 
nucleotide ba es and phosphate backbone of 0 A. However, at low metal ions' 
concentration, metal ions are associated on phosphate groups by electrostatic forces. 
I\1essori and co\vorker demonstrated the lower binding affinity of d ifferent 
Auh complexes towards ct- DN A are attrlbuted to an electrostatic interaction 'With 
phosphate groups on DNA [203 ) .  
The order of b inding affinities was fmmd as  Ce3+> Tb3+> Gd3+> sffi3+> Dy3+> 
H03-> W-> Au3+> OS3+. oticeably. Ce3+ has the highest binding affinity because of 
having the smallest size and the highest charge density ( Figtrres 72 and 73 ) .  Sirnilarly. 
Lui and coworkers reported that La3+, Sm3+, Eu3+. Gd3+ and y3+ ions bind to ct- DN A  
1 1 3 
through int rcalation ffi)de . Binding affinitie mcrea e m the following order 
La3+>Eu3 > rn3-> d3�> y3+ were obtained based on fluorescence measmements [204] .  
Different molar ratio wa used in om experin1en� 0 the arrangement of  binding affinity 
for Gd3+ and rn3'" ions tov;ard ctD is differe nt. (Table 5 )  
Table 8 .  toichion1etric ratios, binding constants and n1elting temperatilles o f  ct- D A 
and its complexes v.ith trivalent ions. toic hiometric ratios are given for the mmmer of 
n1etal ions per D A and per base pair of ct-D A 
Metal toichio n1etric ratio Stoichio n1etric ratio Binding const. Melting 
IOns [M3 D]\ ] [ 3+ one base pair DN ] K (M- l ) temp. ( ac)  
Ce3- 1 0600 0. 7 1  3 .09 X 1 04 M- l 62 
Sm'+ 8200 0 .55  2 .08  X 1 04 M- l 82 
Gd3- 1 1 000 0 .74 2 .09 X 1 04 M- l 78 
Tb3- 8900 0.60 2.20 X 1 04 M- l 79 
Dy3+ 9000 0.6 1 2 .05 X 1 04 M- l 79 
Ho-'- 8000 0.54 1 . 8 1  X 1 04 M-l 74 
Au3- - 1 (assilll1ed ) 6 .74 X 1 02 M- l 80.5 
OS3+ - 1 (asslUned) 6. 1 6  X 1 02 M- l 78 
w- - 1 (asswned) 7 .90 X 1 02 M- l  83 
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Figure 72.  Scatchard plots for the Ce3+, Sffi3+, Gd3+. Th3+, Dy3+ and Ho3+ interact ions 
with ct- D A 
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Figure 73 . Plots of l /(A  - Ao) against 1 /[Au3+], 1 /[OS3+] and 1 /[Rh3+] 
3.2.5 M e lting te mpe ra ture curves of ct-DNA in abse nce a nd prese nce of triva le nt 
ions 
Melting temperature curves for ct - DN A and its metal ion complexes were 
3 +  
established ba  ed  on  C D  measurements using 0 .34-0.65 : 1  complex ( M  :ct-DNA bp )  . 
Conformational changes in D A with increasing the temperature were recorded by 
following changes in the intensity of the positive C D  peak in the base stacking region at 
275 run A 5 °C increment from room temperature up to 98 °C was applied (Appendix 
1 0) .  
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Figure 74 ho\\ th mehing temperatures curves for ct- D and its complexes 
(Tm )  of ct- D was found 84.0°C .  Complexation with the above trivalent meta] ions 
gaye melting t mperatures ranged ben een 62 .0  and 83 .0°C .  These values reflected �Tm 
value ranged in - 1  to -22 °C (Table 9) .  oticeably, aU investigated trivalent metal ions 
decrea ed th Tm and sub equently destabilized ct- D  . The order o f  destabilizing 
3+ 3+ 3+ 3+ 3+ 3+ 3'" 3+ 3+ power IS Ce > Ho > Gd = Os > Dy = Tb > Au > Sm > Rh .The higher 
de tabilizing power of lanthanide earths is supporting our earlier conclusion that these 
metal ions bind to ct- DNA through intercalation with nucleotide bases and phosphate 
group in1ultaneously. Subsequently, they facilitated d1e breakdo\'m of the double 
helica l structure and resulted in decreasing d1e T m values. 
These results are interesting since they indicate that transition metal ions Au3+ , 
OS3+ and Rh3- destabilized ct- DNA. even stronger than some lanthanide ions. 
3... 3'" 3- 3... 3+ 3T 3+ Gd =Os >Dy = Tb > Au > Sm > Rh . This destabilization order is also not 
supported by the binding affinities obtained for transition metal ions compared to 
lanthanide ions, found 1 00 times lower than land1allide ions. If Au3+ , Os3+ and Rh3+ bind 
to ct-D A only through phosphate backbone groups, they would have stabilized ct-
D A and subsequently increased the Tm . Metal ions' binding with phosphate groups has 
been correlated \vith enhancing stability of ct-D A [3 8 ] .  
These inconsistencies between binding affinities and melting temperatures may 
be explained based on abilities of heating to enhance metal ions binding to nuc leotide 
bases of ct- D A. I nteraction rate of Au3+ , Os3+ and Rh3+ with ct- DN A  has been 
1 1 7 
increa ed and binding to nucleobase has b en enhanced by heating and thus contributed 
to decrease melting temperature and destabilizat ion of ct- D A [ 1 97] .  
De tabilization of ct- D in pre ence of transition and rare earth trivalent metal 
Ions is generally re ulting from interaction of meta] ions with D A bases. These metal 
ions form chelates bet\�een the o)...'ygens of phosphate groups and 7 of guarJine. imilar 
re u1ts were obtained for the interaction of Rh3+ with D A b asi and others [ 1 3 1 - 1 33 ,  
_OS ] .  De tabilization of the helix is caused by binding mainly with the bases of  the 
D [205 ] .  Minor interaction with the phosphate backbone of D A may also be 
encountered. These re ults are also supported by ultraviolet spectra] data. Melting 
temperature tudies have also confirmed that Au3 binds to D A through both the 
phosphate and ba e [ 1 33 ] .  
This is also being supported by  several studie provided experimental evidences 
that transition metal ions interact with both phosphate group and bases such as Cu2+. 
Zn2- and Mn2+. Th3+ at low concentration was assumed to induce stability of double 
helix structure by interacting \\1fu phosphate group. At high concentration. it 
destabilizes D A by chelating to phosphate group and N 7  of guanine [ 1 35 ] .  Other 
studies indicated that Li+, Na+, Ca2+, Mg2+ and Zn2+ stabilized DNA by coordination 
with 7 of guanine bases that doesn't contnbute in Watson Click H-bond [ 1 8 1 ] . 
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Ta ble 9 .  Molar ratio and mehing temperarure of ct- D 
h a\y metal ions 
with trivalent rare earths and 
I\1 J+ 
Ce3+ 
Srn'-'-
Gd3+ 
Th3+ 
D � + y'> 
Ho3+ 
Atf-'-
o 3+ 
Rb3+ 
M ola r ra tio 
M e lting 
Change in 
M olar ratio [ M 3+J DNA] ,  [ M J+J one ° 
tempe rat ure,  Tm, t:. Tm , C 
r ba e pa ir 
° c 
DNA] ,  r 
7 1 36.94 0.48 1 744 62 -22.0 
6650 .70 0.448922 82 -2 .0 
6359.30 0.429253 78 -6.0 
6292 .26 0.424728 79 - 5 .0 
6 1 53 . 8 5  0.4 1 5385  79 - 5 .0 
6063 . 1 7  0.409264 74 - 1 0 .0  
5077 .00 0 .342698 80.5 - 3 . 5  
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97 1 7 .65 0 .655942 83 - 1 .0 
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Figure 74.  Melting temperattrre curves of ct- DNA (50 ppm; 5 .0x1 0·9 M )  in absence and 
presence of trivalent n�tal ions .in different concentrations (declared in table 5 ). The 
ex-periments were nm in 1 0. 0  mM Tris-HC l buffer, pH 7 .4  at 275nm 
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3.2.6. ffe ct of  t ime on ct-DNA - me tal comple xe 
Effi ct o[  tinle n the [ormation and tability of n1etal complexe of ct- D A wa 
te t d using D meaSillen1ent. 3-'-0.34-0.65 : 1  comple (M :ct- D A bp) showed slight 
or no change ill 0 spectra after incubations for tinle intervals e>.iended from 60 
minut up to 24 h lrrS (F igur 75 . Figure 75 showed also the effect of time on ct-
o A. TI1is may ind icate that interactions of ct- D with in estigated trivalent nleta1 
ions are time- ind epend nt. 
However. the e results are d ifferent from the results obtained by Sasi and andi 
for the interaction of Rh3+ v.rith ct- 0 A [ 1 3 1 ] . TI1e reason may be attnbuted to the 
difference technique ( C D  pectrometer ) used in studying the effect of time on ctD A-
nleta] con1plexes through Oill experinlent. Since this technique n1eaSlrres the effect on 
conformat io n c hange . 
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Figure 75. C D  spectra of 50 ppm ct- DNA in absence and presence of trivalent metal 
ions v.,:ith different concentration ( (declared in table 5 )  at d ifferent time till 24 hOillS. 
Condition : l 0 . 0  mM Tris-HCI  buffer, pH=7.4,  A=275Jm1- at room tel11perattrre 
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3.3. I nte raction of triya lent me ta l ions with GQ us ing CD pectrome te r 
ircular dichroism pectro copy mea Lrre the difference in the absorption of left 
and right circularly polarized light [206] \vhen circularly polarized light pas into 
optically actiYe dUral molecule . CD pectroscopy is yery sensitive to D A and protein 
econdary tructLrre [207, 208] .  CD is extremel sensitive (down to 20 llg/mL). 
inex'PensiYe, ill t and all ws comparati\'e studies of DNA in vanous conditions. 1 1e 
technique is easily used for studying co nfonnational changes in DNA upon titration 
with varIous agents. CD measurement can be done in solution as well as in thin films 
and ub equentl can be correlated with X-ray diffraction and infrared measurements 
[209] .  CD is ad\'antageous compared to N MR, X-ray diffraction and other 
confom1ational technique a the latter are restricted to large am01.ll1ts of oligo­
nucleotides. short length D A molecules, and a single discrete structure rather than a 
rni\1ure of isomerizi ng confoffi1ers. 
tudie of metal ions interaction with D A is attractive targets for trnderstanding 
the replication and transcription processes. They are also highly important for the 
discoyery of more efficient and specific drugs with fewer side effects [2 1 0) .  In this 
section. confoffi1ational changed in GQ DNA upon treatment with trivalent metal ions 
\\-ill be the studied using C D  spectroscopy. 
Human telomeres consist of tandem repeats of d(TT AGGG)n. 5 - 1  0 kb in length, 
and 5 '  - 3 '  towards the chromosome end [2 1 1 ,  2 1 2] with the 3 '  prime overhangs of 1 00-
200 bases. Telomere' s  structure and stability are related to cancer [2 1 3 ] aging [2 1 4] ,  
and genetic stability [2 1 5 ) .  Various proteins such as Pot 1 (protection-of-telomeres 1 ), 
TRF 1 (telomeric-repeat-binding mctor 1 )  and TRF2 are extensively associated with 
L 1  
telomeric D The e proteins pia important roles in telomere end-capping and 
protecti n [2 1 6 ] .  Each replication in normal cells. re ult in a 50 to 200 bases loss in 
t lomeric D t a critical I f\:,oth. th cell undergoe apoptosis. In cancer cells. 
activati n of the rever e transcriptase telomerase eX1ends the telomeric sequence at the 
chromo ome end and pre\'ents telon�re ' hortening [2 1 7] .  
Telomere fold into GQ structure of G- tetrad planes connected by Hoogsteen 
+ + h) drogen bond and tabilized b monovalent cations such as a and K IOns. 
F m1ati 11 of GQ inhlbits telomera e activity [2 1 8] .  Compounds stabilize GQs have 
been hov,,11 to inrubit telomerase activity. Structural infom1ation of GQ under 
phy iologically conditions is necessary for rational design of drugs. K+ ions are having 
high intracellular concentration. Hybrid type intramolecular GQ structures were shown 
to be th predominant confonnat ion of hUl11al1 telomeric DNA in K+ solution [28 ] .  
Two distinct hybrid-type structures. hybrid- l o r  hybrid- 2 were assun1ed based on 
the flanking segments (Figure 76A). Both structures contain three G-tetrads linked with 
mixed paraileVantiparallel G-strands. The two structures differ ill their loop 
arrangements. strand orientations. tetrad arrangements. and capping structures. A 
naturally occurring adenine triple platform was found to cap the S 'end of the hybrid- l 
telomeric GQ while a TAT triple platfom1 was found to cap the 3 ' end of the hybrid-2 
telomeric GQ . The hybrid-2  type structure appears to be the n1ajor conformation on 
extended hUl11an telomeric sequences. 
111 N a+ ions solution. antiparallel stranded intramolecular GQ (basket-type) is 
fo�d by the 22 bases hUlnan teJon1ere sequence AGGG(TT AGGG)3 . 111is structure 
1 22 
consists of three G-tetrads connected v..ith one diagonal and t\,.,o lateral IT loops 
( Figure 76B). Hov"ever. muh ip le GQ structures are fOllned in K+ solution [28.  39, 42 ] . 
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Figure 76. (A) Scherre of folding topologies of the Hybrid- l and Hybrid-2 of Te126 
intramolecular telorreric GQs in K+ sohrtion. (8) Basket-type of Te122 intramolecular 
GQ in aT solution [28] 
Thus. GQ 0 may fonn parallel anti-parallel or hybrid (mixed 
parall VantiparaUel) conformations in pre ence of metal ions [44] .  The 22 bases human 
telOlnere forms intermolecular antiparallel GQ structure which exlnbits a positive C O  
peak near 295 nm and a negative peak near 265 nm The parallel tructw'e exlnbits a 
po itive 0 peak arOW1d 265 nm and a negative one aroW1d 240 nm [ 1 77 ] .  Mixture of 
GQ 1ructtrre fonned in the presence of K + ion and exJubits strong positive peak near 
295 lUll. a shoulder at 265n111, and a negative peak at 235 run [39] .  Changes in the 
intensitie or po itions of these bands upon additions of metal ions indicate the 
interactio n binding modes of metal ions with GQ D A [2 1 9] .  
Figures 77 -85  show C O  spectra of GQ DNA;5 ' -AG3(T2AGJ )3 - 3 ' ;  in Tris- KCl  
bufter (4x I O·6 M) over the wavelength range 200-320 run in a 1 cm-path length cell 
Th spectra were collected at room temperature using a Jasco-8 I 5  spectropolarimeter at 
a camling rate of 1 00 runlmin. Three scans were accillnulated for each ample. The 
spectra show a positive peak at 295 nm a shoulder around 265 run and a negative peak 
at 235  nm indicat ing the formatio n of a h brid paralleVant ip ara lIe I GQ structtrre .  
F igures 77-85 also show changes in  C D  spectra upon titrations of GQ with the 
trivalent heavy and rare earth ions Ce3+, Srn3+, Gd3+, Tb3+, Dy3+. Ho3+, Au3+, Os3+ and 
Rh3- ( 5x l O-4M) .  Additions of the above trivalent ions induced decreases in the intensity 
of the C D  bands at 293 lUll and changes in 235nm These Endings may indicate that 
trivalent ions have partially displaced K + ions in their cavities of GQ DNA. This 
conclusion may be supported by the smaller sizes of investigated lanthanide ions Ce3+ = 
1 .0 1  A. Sn1'+ = 0.958 A Gd3+ = 0.938 A Tb3+ = 0.923 A, Dy3+ = 0.9 1 2  A, Ho3+ = 0.90 1 
and hea\'} metal ions Au3+= 0.85 
1 -4 
OS3","= -0.70 and RW+= 0 .665 A compared to 
K+ ( 1 . 3 8  ) ionic radius using coordination number six [ 1 93 ] .  
The rmll change in intensities observed in fiooure 77-85 could be attnbuted to a 
partial displacement of K + ions by trivalent ions. The latter had concentrations about 1 0-
5 M compared to th 1 00 mM K+ ion concentration used in preparing the GQ 
( ppendixes 1 1 - 1 9) .  
imilar finding were reported by luskowiak and coworkers [ 1 86] . Changes in CD 
pectra upon addition of Th3+ to GQ were correlated with transition of the nlixture GQ 
tructure fonned in presence of 2mM K +  ion into the anti-parallel conformation. TI1e 
reason wa attnbuted to the replacement of K + ions by Th3.,.. ions through a competition 
reaction between K-t- and Th3+ ions on the binding sites in the GQ cavity. 
On contrary to Th3+ ions. Yang and coworkers demonstrated that stable GQ 
structure fOffi1ed by Tel 22 and Tel 26 in presence of 1 00 mM K + ions did not change 
upon addition of 1 00 mM a+ ions as no changes in CD spectra were observed [39] .  
They stated that concentrations as low as 1 0  mM K+ can stabilize the hybrid- type 
confoffilation in the presence of 1 00 mM Na4- while addition of a+ up to 200 mM did 
not con\'ert this GQ- KT-hybrid conformat ion to the basket type fOffi1ed by Na+ ions. 
Our results suggest that the trivalent ions Ce3+, Srn'+, Gd3+, Th3+, Dy3+, H03+, 
Au3-. Os3+ and Rh3- have interacted with GQ by intercalating to DNA bases through 
replacing K+ ions. Our changes were no sufficient to prove transition from the hybrid ­
type GQ to the antiparallel conformation [ 1 86] . The reason could be attnbuted to the 
very high concentration of K ions ( 1 00 mM) used in preparing the GQ compared to the 
1 0-6 - 1 0-5 M of trivalent ions used in our experin1ents (Figures 77-85) .  
This conclusion might also supported by the fact that Ce3-. m3�. Gd3-. Th3-. 
0).3-. H03-. u3-. 0 3- and R.h3- are stronger hard Lewis acids compared to K- ions. 
They are having mall r ionic radii. higher positive charge. stronger sol ation power. 
empty d or f orbitals in the valence shell and higher energy LUMOs. ub equently. their 
affinitie to nucleophilic atoms of the heterocyclic bases and phosphate groups are 
higher than alkali and alkaline earth n�tal ions [220] . 111us. the tendency of trivalent 
ions to f< rm more table coordinate bonds with the hard Lewis bases; 7 and carbonyl 
Q)o,.'ygen of the D A bases; is a tronger than with the monovalent K + ions. Replacement 
f K+ ions b trivalent ions will be dependent on the concentration of both trivalent and 
monovalent ions. 111e effect of trivalent metal ions on the assembly of GQ might be 
important to discern the associated mechanisms of molecular regulation. However, 
studying the eflect of trp;alent ions at low concentrations might pennit better conclusion 
on their effects since it is consistent with their very low total cellular concentratio ns. 
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Figure 77.  CD titration of AG3(T2AG3 )3-GQ D A (4x l O·6M)with Ce3+ ions (CeCb .  
5x 1 0'4M) in 10  mM Tris- KCL pH= 7 .4 at room temperature 
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Figure 78. C D  titration of ACh(T2AG3 )3 - GQ DNA (4xl O-6M)  with Sm3+ ions (SmCb.  
5xl O--1 1 )  in 1 0  mM Tris- KCL pH= 7 .4  at room temperahrre 
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Figure 79. C D  titration o f  ACh(T2ACh)3- GQ DNA (4xl O·6M) with Gd3+ ions (GdCb ,  
5xl O·4M) in 10  mM Tris- KC� pH= 7 .4  at room temperahrre 
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Figure 80. C D  titration o f  AG-J(T2AG3 )3 -GQ DNA (4x1 0-6M)with Th3+ ions (ThC b.  
Sxl O-4M) in 1 0  mM Tris- KCL  pH= 7 .4 at room temperatLrre 
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Figure 8 1 .  C D  titration of AG-J(T2AG-J )3- GQ D A (4x1 0-6M)  with Dy3+ ions ( DyCb .  
5x1 0"�M) in 1 0  mM Tris -KCL pH= 7 .4  at room temperatLrre 
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Figure 82 .  C D  titration of  AG3(T1AG3 )3- GQ D A (4x1 0-6M) with H03+ ions ( HoCb .  
- x l  O--lM)  in 1 0  mM Tris -KCL  pH= 7A at room temperature 
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Figure 83_ C D  titration of AG3(T2AG3 )3- GQ D A (4x1 0-6M )with Au3+ ions (AuCb .  
5xl O-4M )  in 1 0  mM Tris- KC� pH= 7A at room temperature 
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Figure 84. C D  titration of AG3(T2AGJ )3-GQ D A (4xl O-6M )with OS3+ ions (OsCh .  
5x 1  O--lM)  in 1 0  mMTris -KCL pH= 7 .4  at room temperature 
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Figure 8 5 .  C D  titration o f  AGJ(T2AG3 )3 -GQ DNA (4x l 0-6M )with Rb3+ ions (Rh(N03 )3 .  
5x l O--l M )  in 1 0  mM Tris-KCL pH= 7 .4 at room temperature 
3.3. 1 toichiometric ra tio of tri va le nt metal  ions to GQ DNA 
1 30 
Figure 86 and 8 7  how th rmlar ratios of AG3(T:!ACh )3 GQ (4xl O-6 M )  
interactions ""ith e3+_ rn3�_ Gd3-, Th3+, D 3+. H03+, Au3-, Os3 and Rh3-.- ions (5x 1 0-
4M) .  Decrea e in the intensity of C D  spectra by additions of metal ions gave clear 
indi ations of an intercalation binding mode betvveen the ions and DNA based on 
replacement of K+ i ns b the im'e tigated trivalent metal ions. However. a mixed 
binding that involve as ociation with phosphate groups or binding into the loops of GQ 
might also be po sible. 
Molar ratio arOlmd 1 : 1 ( M3+:GQ ) were obtained for Srn3+, Gd3+, Th3+, Dy3+, 
H03+, Au3+ and OS3+ GQ comple. es. Ce3+ and Rh3+ gave lnolar ratios of 1 .5 : 1  
(M3- :GQ ). The e variations might be correlated with the sizes o f  ions ( Ce3+ = 1 . 0 1  A, 
rn-3+ = 0.958 A. Gd3+ = 0 .938 A. Th3+ =0.923 A Dy3+ = 0.9 1 2  A, Ho3+ = 0.90 1 , Au3+= 
0 .85  A OS3+= -0.70 A and Rh3 = 0.665 A based on coordination number six [ 1 93 ] .  It 
Ina) also be correlated with the affinities of these ions -hard Lewis acid- towards the 
nucleophilic nitrogen and oxygen on nucleotide bases of D A as well as affinities 
towards phosphate groups. 
3.3.2 B inding cons tants of triva le nt me tal  ions with GQ D N A  
Figures 88- 89 shO\ catchard plots of Ce3+, Sm3+, Gd3+, Th3+, Dy3+, H03+, Au3+, 
OS3+ and Rh3+ GQ complexes. The plots were p lotted based on CD measurements and 
scatchard equation descnbed in section 2 .4 .4 .  
S lopes of the p lots revealed the binding affinity values shown in table 1 0 . 
Binding constants ranged between 1 . 84xl 04 to 1 .00xl 06 were obtained. H03+ ions gave 
1 3 1  
the least binding onstant and m ' - gave the l-llghest. Th binding constant increa ed in 
3.3.3 M e lt ing te mpe rature curve of GQ D N A  in ab  ence and presence of t ri a lent 
ions 
To confonn the above conclusion about trival nt ions' interaction with GQ 
D A. we measmed the melting temperattrre of GQ DNA and its metal complexes. 
Melting temperature indicates tabilization or destabilization of GQ by interacting with 
trivalent Iretal i ns. 
F igtrre 90 hows the melting temperature curves for hWTlaI1 telomere GQ DNA 
(4 ' 1 0-6 M) formed in Tris- KCl  bufter having 1 00 mM K+ ions. The curves are based on 
mea trring the C D  intensity of the positive peak at 293 nm versus change in temperature 
( ection 2.4 .6). Melting temperature was calculated as point at which 50% of DNA was 
denaturized. A Tm value of 65 .5  °c was obtained. A similar Tm value (65 .0  DC ) was 
reported b) hi for the same sequence in presence of K"'" ions at similar conditions to 
our [ 1 84]. 
Figtrre 90 also ho\ s the melting temperature curves of GQ in presence of 
equimolar concentrations (4xl  0-6 M )  of the trivalent cations Ce3+, Sffi3+, Gd3+. Tb3+, 
Dy3-, H03�. Atil+, OS3 .... and Rh3+. i1Tm values in the range 4 .00-9 .00 DC were obtained 
indicating stabilization of GQ by these ions. Stabilization of GQ was found to increase 
Dy3.,.< Ce3+ (Appendix 20). 
Wu and coworkers concluded that stabilization of G-dodecamer structure by 
lanthanide metal ions decreases with increasing the atomic mnnbers and decreasing the 
10ruC radii [95 ] .  On contrary. stabilization of G-octarrler structure increases by 
decreasing the radii Ionic radii of trivalent cations are dependent on their coordination 
number [22 1 ] . However. coordination mnnber may change in solution or in the vicinity 
of GQ cavity. Therefore. stabilization of GQ by trivalent cations seems to be dependent 
on metal ions' coordination numbers, hlOTlaIl telomeric sequence as well as the ionic 
radius. 
Ta ble 1 0 . toichiometric ratio . binding constants and melting temperatures of human 
telomere GQ interact i  ns v·:ith trivalent ions 
Stoichion1etric Binding Melting temperature (OC ) of �Tm 
Metal 
ratio [M3+j constant, K 1 : 1 molar ratio [M3+j GQ 
IOns 
D A] (M- I )  DNA] 
Ce-'- 1 . 50 2 .68x l 04 M- l 74.5 +9.00 
sm3+ 0.72 1 .00x l 06 M- I 7 l .0 +5 .50 
Gd3+ 0.98 4 .50xl 04 M- l 69.5 +4.00 
Tb3- 0.98 4 . 1 3x l 04 M-I  72 .0 +6.50 
D;')+ 0.68 7 .44x l 04 M-l 74.0 +8.50 
Ho3+ 1 .00 l . 84x l 04 M- l 73 .0 +7 .50 
Au3+ 1 . 1 0  3 .66xl 04 M- l 70.0 +4.50 
OS3- 0.65 5 .67X 1 04 M- I 7 1 . 5 +6.00 
Rh-'- l .60 2 .46xl 04 M-I 70.0 +4.50 
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Figure 86 . Plots of CD intensities at 293nm versus different molar ratios of Ce+3 , Sm+3 , 
Gd-'-3 , 1b-'-3 . Dy+3 and Ho+3 to GQ DNA. A 4xl O-6 M AGJ(T2AG3 )3GQ was titrated with 
trivalent metal ions (5x 1 0-4 M )  in 1 0 .0mM Tris-KCl buffer pH 7.4 at room temperature 
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Figure 87 .  Plots of C D  intensities at 293nm versus different molar ratios of Au+3 , OS+3 
and Rh-3 to GQ D A. A 4xl O-6 M AG3 T2AG3)3GQ was titrated with trivalent metal 
ions (5xl O--l M ) in 1 0.OmMTris-KClbuffer pH 7.4 at room temperature 
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Figure 88 .  Scatchard plots for the Ce3+, Srn-3+, Gd3 . 1b3+. Dy3.L and Bo3+ interactions 
with GQ D A 
400000 
3 50000 
300000 
� 2 50000 
:J 
� 200000 
........ 
r:Z 1 50000 
100000 
50000 
o 
o 
= -366553x + 457 204 
0 . 5  Rf 1 1 .5  
200000 
• 
1 50000 
M 
+ 
� 
:=. 100000 
........ 
r:Z 
50000 
0 
0.4 0 .6 
� VI 
2-
........ 
r:Z 
1000000 y =  -5669 19x + 874767 
R2 = 0.869 
800000 
600000 • 
400000 • 
• 
200000 • 
0 
0 0.5 Rf 1 
Y = -246279x + 3 26975 
0 .8 Rf 
R2 = 0.9474 
1 1 . 2  
Figure 89.  catcbard pl ts for the Au3+, Os3+ and Rh3+ interactions with GQ DNA 
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Figure 90. Melting temperature ctrrVes of human telomere AG3(T2AG3)3GQ (4xl O-6 M) 
in absence and presence of equimolar concentration of trivalent metal ions (4xl O-6 M). 
The experiments were run in 1 0.0  mM Tris-KC l  buffer, pH 7 .4 at 293nm 
3.3.4 Effect of time on formation GQ D A in a b  ence and pre e nce of trivalent 
ions 
1 3 7 
Effe t of time n complexes fom1Cd betv.:een human telomere GQ and studied 
trivalent n1Ctal ions are h \VTI in figure 9 1 . Sample prepared by mixing equimolar 
concentrations of GQ and each metal ion (4x I 0-6 M )  were monitored by CD at 293 nm. 
light change \-vas exlnbit d over .+8  hour . Thus. it seems from the figures that the 
d isplacement proces of K+ ions by trivalent ions is a slow process. 
E 
10  
9 .5  
9 
c: 8 .5 m 
g) 8 
.... 
.! 7 .5  Ill) 
� 7 
E 
'0 6.5 
u 6 
5 .5  
5 
o 10  20 30 
TIme (h) 
40 
--- GQ D NA 
� Ce-GQ 
S m -GQ 
� Gd - GQ 
� T b-GQ 
...... Dy- G Q  
- Ho-G Q  
5 0  
A u -GQ 
Os-G Q 
R h - G Q  
Figure 9 1 .  CD spectra of AG:3(T2AG3 )3GQ (4x l O-6M )  in absence and presence of 
equimolar concentration of trivalent n1Ctal ions (4x l  0-6 M) at d ifferent time till 48 homs. 
Condition : l O . O  mM Tris -KCl  buffer. pH=7 .4, A=293nm at room temperature 
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3,4 I nte raction of triyale nt metal ions nith ra ndom coil DNA us ing CD a nd UV-Vis 
pe ctrome t l)' 
3,4. 1 tructura l  t ra ns ition of human telome re eque nce AGJ [T2AGJ b from ra ndom 
coil to GQ confonnatio n by triva le nt meta l  ions 
quence potential to fonn GQ are ubiquitous in the htnnan genome (ca.3 70.000 
equenc ) and exist in telomeric D A. promoter of in1portant oncogenes (c - MYC, c-
MYB, c-FO , c-ABL) fi'agil X-syndrome triplet repeats. and in immunoglobulin 
"'itch regions. GQ is c Ia sified based on confonnation as parallel antiparalle� and 
mixed type . Fonnation of either types is dependent on DNA cOll1position. length. the 
natlrre of tabilizing cation (Li"'" < aT <K+). GQ is belie ed to play a role in gene 
regu1a60Il, chromo omal aligtmlent. recombination and in D A replication. [24, 55 ,  
1 85 . 222-225]  
The focus of this work is to investigate the potential of  trivalent metal ions to 
induce GQ in the D A of hun13n telomere sequence AG3(T2AG3 )3 in absence of a+ 
and K+ ions. We wanted to study the capability of theses ions to facilitate the fonnation 
of GQ . In  additions, binding affinity, stoichiometry and themlOdynamics of binding will 
be studied using C D  and UV -vis spectroscopes. The results of this work provide an 
insight on interactions of random coil AG3(T2AGJ )3 and trivalent metal ions that may 
present a step toward a better understand ing of quadruplex folding pathways. 
F igures 92- 1 00 show the eftect of adding Ce3+, Sffi3+, Gd3+, Tb3+, Dy3+, H03+, 
Au3+, Os3+ and Rh3+ ions ( 5x l O·-l M )  to htnnan telomere single stranded D A sequence 
AG3(T2AGJ)3 (4x l O·6 M) on CD spectra of DNA. ExperiInents were run in absence of 
1 39 
a· and K-t- ions to demonstrate the contnbution of trivalent metal 10ns ill the 
transfomlation of tlle random coil confomlatio n  to the GQ tructure . 
ho\-\n in figtrres 92- 1 00. C D  spectra of random coil tructure of fue human 
telomere Te122 mer equence ( G3(T2AGJ )3 exlubits n�o positive peaks around 295 nm 
and 25  - run and a negative peak at 235  run [ 1 77] .  Additions of trivalent ions resulted in 
blu hifting the po iti\"e peaks at 255 and 295 and fue fomlation of a new negative peak 
around _65 run At high r metal ions' concentrations ( - 1  OJ..lM ), tlle positive peaks at 252 
and 285 nm have become almost unchanged while tlle intensity of tlle negative peak at 
_6 - nm continu d to increa e .CD signal at 260-265 nm is attnbuted to G-G base 
stacking and used for detecting structural transition ben;veen antiparallel and parallel 
GQ . Typical parallel GQ confonmtion shows a large positive band near 260 run while 
typical antiparallel confoffilation shows a large negative band in fue same reglon. 
Therefore enhanced magl1itude of the negative band at 265 run in figures 92- 1 00 
indicate a structural transition of AG3(T2AGJ )3 fi'om the random coil to antiparallel GQ 
[226, 227] .  
These results indicated unambiguously iliat investigated trivalent IOns induced 
quick transfoffilation of random coil (AG3(T2AGJ )3 into the antiparallel GQ structure 
cl1aracterized b fue presence of a positive peak near 295 nm and a negative peak near 
265 run [ 1 77] .  The resulting GQ structure has fue same C D  signature as the structure 
induced b Zn2+ ions, but d ifferent from the mixtures of GQ structures induced by K-r 
ions. [ 1 77] .  The reason might be  attnbuted to their ionic sizes. Ionic radii of investigated 
ions ranged in 0 .67- 1 .0 1  A (Ce3-r = 1 .0 1  Sffi3+ = 0.96. Gd3+ = 0.94, Tb3+= 0 .92 ,  Dy3+ = 
0.9 1 .  Hoh = 0.90, Au3+ = 0 .85 ,  Os3+ -0. 70 and Rh3+ = 0.67 A)  (eN = 6) .  These values 
1 40 
are comparable to the ionic IZ.e of Zn2+ (0 .74 A) ion and a+ (0.98 ) ion but much 
smaller than that ofK� ( 1 . 38  IOn 
Differen e in peak positions bet\\"een a+ ion and elected trivalent ions in 
fonnati n of antiparallel GQ might be attnbuted to the fuct that a+ is coordinated with 
the OA)'gen of the Carbonyl 0 of AG3(T2AGJ )3 , while trivalent ions can coordinate with 
both 7 and carbonyl 0 of AG3 (T2 G3 )3 . 
Fom18tion of w'lirnolecular antiparallel GQ structure of hurnan telomeric sequence 
ACb(T2AGJ )3 in our eA'Periments is also supported by the results reported by 
Bhattacharjee et a1 on transfonnation of d(TAGGG)2 into antiparalle l confonnation by 
Zn ( I I )  complexes [ 1 85 ] .  TransfOlmation of random coil single stranded telomeric DNA 
(AG3(T2 GJ )3 ) into intran10lecular antiparalle l GQ is also supported by the £ndings of 
Jusko\\'1aket al They showed that Th3+ ions induced antiparalle1 GQ structure from 
AGJ(T2AGJ) '  ingle stranded in absence of a+ or K+ ions. This conc lusion was 
justi£ed by the appearance of a new positive peak near 295 run and a smaller negative 
peak at 265 nm characteristic of antiparalle l GQ [ 1 86] .  The glaling confoffi18tion to our 
results ha been provided b the results obtained by Gang Wu using ESI -MS .  They 
concluded that trivalent lanthanide ions (La3+, Eu3+, Th3+. Dy3+ and Trn:3+) can facilitate 
the fOffi18tion of G-quartet in a triple-decker G dodecarner with a single metal ion in the 
central G-quartet [95 ] .  The biological relevance of our £TIdings might be of great 
importance .  
On contrary to  lanthanide metal ions, additions of OS3+ and Rh3+ ions to 
AGJ(T2AGJ)3 D A induced transfoffi18tion from random coil to antiparalle1 GQ at 
initial concentration r= 0 .25 .  Further addition of metal ions up to r=5.32 and 1 .27 ,  
1 4 1  
re pect� e� gave no considerable change in C D  intensity of the nega�'e peak at 265 
nm (Figure 99 and 1 00, appendixes 28 and 29). This behavior seems drrrerent from 
lanthanide metal Ions and u3- ions in which the C D  intensity of the negative band at 
265nm in rea ed by increasing th ir concentrations ( Figures 92-98 and appendixe 2 1 -
27). 
111 e re ult ma indicate that 0 3+ and Rh3+ ions induce GQ at very low 
concentration by coord ination to 7 of guanine bases and/or carbonyl oxygen in the G­
quru1et cavities. Once GQ is formed, further added metal ions n1aY bind nonspecifically 
to pho phate group and results in no significant change in the CD intensity . Sin1ilar 
:findings were reported by hin et al for alkaline earth ions where ions were assumed to 
intercalate pecifically into the G-quartet at low concentration and non specifically to 
the negat�'eIy charged surface of DNA at high concentration. 111e latter process resulted 
in no changes in C D  spectra [ 1 60] . 
Increa e in C D  intensities at the 265 run negative peak with increasing trivalent 
IOns concentration reached saturation at molar ratios around 1 : 1 and 2 : 1  (M3+:GQ).  
This ratio is consistent with the e)..'Pected stoichiometry of trivalent ions - GQ complex. 
where 1\\>0 trivalent ions reside in the G4 cavity between three guanine tetrads or one 
�Ialent ion coordillate v.ith the center G-quartet to induce GQ ( F igtu'es 1 0 1 and 1 02 
and appendixes 2 1 -27 ). This is again a proof that trivalent ions stabilized the antiparallel 
GQ structure through the interaction with G4 bases in the concentration range used in 
our experiment. Excess ions can bind with the external loop of GQ or phosphate group 
backbone .  
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Figure 92 .  C D  titration of random coil AGJ(T2AGJ )3 (4x1 0-6M )  with Ce3+ ions ( Sxl O--l 
1) in 1 0 .0mMTris-HC l buffer, pH= 7 .5 .  at room temperah.rre 
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Figure 93. C D  titration of random coil AG3(T2AG3 )3 (4x 1 0-6M ) with Snl'T ions (Sxl O--l 
M) in 1 0.0  mM Tris- HC l buffer, pH= 7 . 5  at room temperature 
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Figure 94. C D  titration o f  random coil ACh(TJAG3)3 (4x1 0-6M )  with Gd3+ ions ( 5x1 0--+ 
M) in 1 0.0  mM Tris-HC l buffer. pH= 7 .5 ,  at room temperature 
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Figure 95. C D  titration of random coil ACh(T2ACh )3 (4x l O-6M)  with Tb3+ ions (5x l O·4 
M) in 1 0. 0  mM Tris- HC l bufter, pH= 7 .5 ,  at room temperature 
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Figure 96. CD titration of random coil ACh(T2ACh )3 (4x1 0-6M)  with Dy3+ ions ( 5x 1 0-4 
1) in 1 0 .0 mM Tris-HCl buffer, pH= 7 . 5 ,  at room temperature 
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Figure 97.  C D  titration of random coil ACh(T2ACh )3 (4xI 0-6M )  with Ho3+ ions (5x l O--I 
1) in 1 0 .0  mM Tris- HCl buffer, pH= 7 .5 ,  at room temperatme 
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Figure 98. C D  titration of random coil AGJ(T2AG3 )3 (4x l O-6M)  with Au3+ ions ( 5xl O-4 
M) in 1 0 .0 111M Tris- HC l bufter, pH= 7 .5 ,  at room ten1perature 
6.-------------------------------------�
4 
c; 2 
cu 
"tJ 
E -
c 
u 
-2 
-3
��������--�--�--�--�--�--� 220 240 260 280 300 
W avel e ngth [nm] 
320 
Figure 99.  C D  titration of random coil AGJ(T2AGJ)3(4x1 0-6M)  with Os+ ions (5x l O-4 
M) in 1 0 .0 mM Tris- HCl buffer, pH= 7 .5 ,  at room tel11perature 
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Figure 1 00 .  C D  titration of random coil ACb (T::?ACb)3 (4xl O-6M) with Rh+ ions ( 5x 1 0-4 
1) in 1 0.0  mM Tris-HCl buffer, pH= 7 . 5 ,  at room temperature 
3A.2 toichiome tric ratio of t riva le nt me ta l ions to te lome ric random coil D A 
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Binding toichiometry of trivalent metal ions with human telomere sequence 
Q,(T2 G3 )3 was valuated ba ed on CD titration. F igure 1 0 1 and 1 02 show variation 
of D intensity at 265 nm ver us molar ratio M3+ :D A. 
From th plot of � D at 265 mn against the ratio of [M+3 ] / [AGJ(T2AG3 )3 ] . 
binding toichiometric ratio of 1 : 1 \vere obtained for Ce3+. n13+, Gd3+ , D),3+ and AU3T 
ions while the toichiometric ratio for Tb3+ and H03+ions are around 2. This means that 
th e two ions intercalat into the cavities between G-qaurtet planes. These results are in 
agreen1ent with Wu and coworkers in their studies of trivalent lanthanides ions [95 ] .  Our 
results are also comfirmed by Galezowska et al in their studies of 2 1  htel 'With Tb3"- ions 
using C D  spectroscopy [ 1 86] .  
OS3� and Rh3T ions initially bind with the nucleotide bases fomling the GQ. At 
higher concentrations, they seems to react with phosphate groups. Using UV titration 
method for the e ions. we as umed that the stoichion1etric ratio is equal to one since we 
got a straight line between 1 /(A - Ao) against 1 /[ M3+] .  
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Figure 1 0 1 .  Plots of L.\CD at 265nm versus d ifferent molar ratios of Ce+3 , Sm+3 , Gd+3 , 
Thor3 , Dy-3 and Ho-3 to random coil DNA. A 4xl O-6 M AGJ(T2AG3 )3 random coil was 
titrated w1th trivalent metal ions ( 5x l O-4 M)  in l O .OmM Tris-HCl buffer pH 7 . 5  at room 
temperatm-e 
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Figure 1 02 .  Plot of CD at 265nm versus different molar ratios of Au+3 to random coil 
D 4xl O-6 M G3(T�AG3)3 random coil was titrated with Au-3 ions ( 5x I O-4 M) in 
I O.On 1 Tris-HCl buffer pH 7 . 5  at room temperature 
3..4.3 Binding constant of  triva le nt me ta l ions te lome ric random coil DNA 
Binding constants of trivalent ions to random coil telomeric DNA were 
detemlined using Scatchard plots based on CD measmements at 265 nm using equation 
1 ( ection 2 .4 .4 :  Rr I[cation]= K b-KbRr). Rf is the average mnnber of cations bound per 
one binding ite of D A calculated by as RF(h- l1o)/(hs-ho) where h is the peak hight 
after each addition of metal ion, he and hs are the peak heights at 265 run of D A at zero 
and maximum ( saturation)  ion concentrations, respectively. 
Binding constants of Rh3+ and OS3+ were calculated usmg equation 2 ( section 
2 .4 .4 . :  I /(A-AO) = l I(Aw- Ao) + 1 /( K(Aw-Ao)) x 1 I[M3+] . AO and A are the absorbance 
intensities of D A in absence and presence of trivalent cations at 265 nnl., Aw is the CD 
absorbance a t  maximum M3+ concentration A plot of  I /(A-Ao )  versus I /[M3+] gave the 
binding constant from the ratio of intercept to the slop. 
Figures 1 03 - 1 04A show the scatchard plots for binding constant of trivalent 
cations towards random coil DNA. Binding affinities were calculated from the ratio of 
intercept to the slope and tabulated in Table 1 1 .  Binding constants in the range 
1 50 
1 .  74. 1 04- 1 .00xl 06 M- l were obtained \\1th u3- is the highest and 1b3-'- is the lea t. The 
binding affinity found to decrease in the following: Au3� Gd3"? S�� Ce3� H03� 
D;J�1b3+. 
Binding constants of OS3+ and Rh3't- ions calculated using equation 2 are also given 
in tabl 1 1 . Binding affinitie of 4.67xl 03 and 3 .30:<1 03 M- l were respecti\'ely obtained 
for 0 3 and Rh3� ions. ( F igure 1 04B) 
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Figure 1 03 .  Scatchard plots for the Ce3+, Sm1+, Gd3+, Th3+, Dy3+ and H03+ interactions 
with telomeric AG3(T2AGJ )3 random coil D A 
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Figure 1 0  .... (A) Scatchard plots for the Au3+ interactions with telomeric AG3(T2AGJ )3 
random coil D A.  (B )  Plots of l /(A-Ao) against 1 I[Os3+J and 1 /[Rh3+] 
3.4.4 M e lting te mpe rature curve s  of random coi l  D N A  in a bse nce and pre s e nce of 
GdJ+ ion 
Melting temperature of double stranded and high order DNA is the temperature at 
which 50% of dissociation occurs. It is commonly used as a measure of the binding 
affinity between the 1\\'0 complementary strands of the duplex or its thennodynamic 
stability. However, measurements on single strands D A showed conformational 
transitions attnbuted to unfolding of hairpin and other possible conformations. Decrease 
in absorbance of ssD A at 295 run with increasing the temperature has been correlated 
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\\-ith truc tura I change that u1\'olve unstacking of the punne and p}Timidine bases. 111e 
reas n \',:a attributed to increa e in expo ure to the ol\'ent as the base are unstacking. 
[228 ]  and r ference cited in. 
In  the present investigation. confoffi1ational changes in hun1ail telomere random 
coil equence G3( T  G:3)J \vere tudied as a fimction of temperature change from 25 to 
90 C .  The e :perirnent wa done in 1 0 .0 mM Tris- HCl buffer, pH 7 . 5  as was used in all 
earli r tud) . Figure 1 80 hows changes in CD spectra of random coil telomeric DNA 
(4. 1 0-6 M) v.ith increasmg the temperature. Single strand exll1bited CD spectra 
characteristic of random coil with two positive peaks around 295 and 256 nm and one 
negati\'e peak at 230 nm. With increasIDg temperatLn'e from 25 to 90 De , the intensities 
of the two positive peaks severely reduced while the intensity of the negative peak 
m rea ed and red hifted to 236 1ll1. It is also observed that a very broad band centered 
at 270 nm is fOffi1ed.  
ince, C D  signal at  260-265 nm reflects the G-G base stackIDg, it seems that in 
random coil this interamolecular force is slightly enhanced by increasing temperature to 
45-50 DC .  At higher temperature, base unstaking occurred and CD shape was completely 
akered to straight strand with no confofl11ation. These observations are consistent with 
UV meking studies of single strands mdicated at high temperature resuks m unstackmg 
of the purme and pyrimid ine bases by increasing exposure to the solvent [228 ] .  
Figure 1 05 shows the effect of temperature on hU1rnn telo111ere GQ induced by 
mixing equin10lar concentrations of AG3(TAG3 )3 and Gdh ions (4x 1 0-6 M ) . At room 
temperature, the C D  pattern of gave a typical antiparallel confofl11ation characteristic of 
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G(T G3 )3 G Y\.ith tv.·O po iti\'e peaks arolmd 295 and 250 run and a strong negative 
p ak arolll1d 260 nm 
I ncrea ing the t mperatur from 25 to 50 °C has severely reduced the intensities of 
th positive peaks at 295 and 250 nm and demolish d the negative peak at 265 °C .  These 
c hanges as ociated \vith shifting the 295 and 250 nm peaks to 300 and 255 run, 
re pecti\·e�'. Fmther heating beyond 50 °C completely altered the GQ into straight 
trand with no conformat io n  
The e r sults indi ate that the antiparaliel GQ confonnation fonned by Gd3..- ions 
eems to be transfonned at low temperature into parallel conformation Further heating 
re ults in unstacking of the pm'ine and pyrin1id ine bases followed by complete lillfolding 
to straight trands. 
F igure 1 05 hows the melting curves of hmnan telomere AGJ(TAG3 )3 single 
strand random coil in absence and presence of equin10lar concentration of Gd3+ ions. 
The melting temperature of the single strand random coil was fom1d equal to 3 1 . 5 °C , 
\vhile melting temperatw .. e of the antiparalle l GQ confonnation fonned by Gd3+ ions 
equal to 3 7. 5  °c (Table 1 1 ) . 
These melting temperatures seem much different from the T m values of 65 .S  and 
69.5 °c recorded in presence of K+ ions for the mixn.rre GQ confonnations of hmnan 
telomere AGJ(TAGJ )3 and its induced antiparallel confonnation by Gd3+ ion, 
respecti\-ely (section 3 . 3 ). These results indicates that GQ structures fonned by trivalent 
cations in absence of K+ ions are unstable compared to GQ structures fonned in 
presence of K'- ions. These results are new in literature and of vital importance for the 
1 5 �  
)l1ergistic effect played b the pre ences of K+ IOns \\1th trivalent lanthanide IOns on 
th tabilit) o f fom�d GQ - conformatio ns.  
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Figure 1 05 .  Melting temperature ctrrVes of human telomere AG3(T2AG3 )3 random coil 
D A (4x1  0-6 M )  in absence and presence of equimolar concentration of Gd3+ ions 
(4xl O-6 1). The e)..'periments were run in 1 0 .0  mM Tris-HC l buffer. pH 7 .5  at 295nrn 
Table 1 1 . UIillTIarlze the stoichiometric ratio, binding constant and melting temperature 
of [M3-/ random coil D A] 
.M e ta l  ions Stoichiometric Binding consta nt, K M e lting 
ratio [ M 3+/ DNA]  (M - I ) te mpe rature (OC) 
Ce3- 1 4 .59  X 1 04 M- l -
sm3� 1 5 . 75 X 1 0-1 M- l -
Gd3- 0.89 8 .07 X 1 0-1 M- l 3 7 . 5  
Tb3- 2.2 1 . 74 X 1 0-1 M- I -
Dy3+ 1 1 . 54 X 1 04 M- l -
H03+ 2 .3  2 .27 X 1 04 M- I -
Au3+ 1 1 .00 X 1 06 M- l -
OS3+ 1 (assumed) 4 .67 X 1 03 M- I -
Rhh 1 (assumed ) 3 . 30 X 1 0-' M-l -
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3.4.5 Effe ct of K+ ions on  huma n telome re  GQ induced b. trivale nt metal  ions 
K� ion is abWldant in biological ystems. ll1erefore. studying the effect of K- ions 
on hwnan telomere GQ induced by tri alent metal ions is ignificantly inlportant. In this 
experimenl GQ fom1ed b mixing trival nt ions with hwnan telomere single strand 
D m 1 : 1 molar ratio ( M3+ :D A) (4X 1 0·6 M) were titrated \vith 0.0 - 1 0,000 folds of 
1 06 and 1 07 how the titrations of GQ formed by Ce3+, JIi3+, Gd3+, Th3+, 
Dy3+, H03+, Au3+. 0 3� and Rh3+ ions by K+ ions. In absence of K+ ions, AGJ(T2AGJ )3 
gave the C D  ignatures of antip a ralle 1 GQ confom1ations with two positive peaks 
arolll1d �50 and 295 nm and a negative peak aroWld 265 nm. Additions of K+ ions 
resulted in increa ing the intensitie of the 295 and 250 11111 peaks associated with blue 
hifting. Consecutive additions of K+ ions resulted also in disappearing the negative 
peak at 265 nm. The e changes indicated the transfol111ation of the antiparallel 
conformation of GQ to the hybrid structural confol111ation upon increasing K + ions' 
concentratio n  from 1 00 to 1 0,000 folds. 
Transfom1ation of antiparalle I GQ confofI11ation to the hybrid confom1ation I11ay 
be attnbuted to association of K+ ions with the st.rrface phosphate groups on DNA 
backbone .  Binding to phosphate groups is known to stabilize DNA which is c learly 
indicated by increasing the me king teI11perature of Gd3+ - GQ conlplex from 37 . 5  to 
69.5 °C .  
Binding selectivity o f  K + ions towards GQ D A induced by trivalent ions was 
evaluated based on its selectivity coefficients calculated as the ratio between the slopes 
of the calibration curves of K+ ions over that of trivalent ions (Chapter 2, section 2 .4 .5 ,  
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quation 6 ). el ctivit) coefficient " tlue in the range of 1 0-3 to 1 0-5 were obtained and 
tabulated m table 1 4 . electi\'ity coefficients calculated ba ed on changes in CD 
intensitie of the 295 1 m peak are comparable to those obtained at the 265 nm peak. 
These results indicated also that higher K+ ions' concentration gave lower selectivity 
coefficienL probably due to th use of one point cahbration. Results also might indicate 
that K+ ions bind to th phosphate backbone rather than D A bases and is not replacing 
the trivalent ions in the G-quartet cavities. even at this very high relative concentration. 
Thus. it eems that in\'e tigated system is selective to trivalent ions. The reason 
could be attnbuted to the strong binding affinity of trivalent ions towards random coil 
D A caused by their higher positive charges, mailer ioruc radii and stronger acidity 
compared to K + ions. These results are supported by our previous :findings in this work 
and reported ones indicated that rnicromolar concentrations of trivalent metal ions are 
enough to induce stable GQ structures [ 1 77.  1 86] .  
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Figure 1 06 .  CD titration spectra of (0, 1 00, 1 000, 1 0000 folds) K+ in the presence of 1 : 1 
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and ( F )  Ho 
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Figure 1 07.  CD titration spectra of (0. 1 00, 1 000, 1 0000 folds) K+ in the presence of 1 : 1 
moJar ratio of [M3+ / random coil D A] (A) Au3- ( B) Os3+ and (C ) Rh3+ 
Table 1 2 . Concentrations of K+ ions and GQ used in investigating the effect of K+ ions 
on GQs induced by mixing equimo Jar concentrations of M3+ and D A M3+D A ( 1  : 1 ) 
M I  adde d C, KCI conc. # of K+ CA, metal  conc. of O. 1 M  
KCI (M )  folds (M )  
0.00 0.00 0 4.00x l0-6 
0.004 3 .984x l0-4 100 3 .984x lO·6 
0 .04 3 .846xl0-3 1000 3 .846x l0·6 
0 .40 2.857xl0-2 10000 2.857x l0-6 
1 60 
Ta ble 1 3 . 1 pe of the cahbrati n curves of tm'al nt ions calculated from change in 
D intensit ie at 295run and 265run 
M et a l  i o n  K A  at 295nm KA at 265 n m  
Ce3+ 1 105708 690625 
Sm3+ 1049525 853235 
Gd3+ 1 1 13453 572833 
Tb3+ 1128200 731768 
Dy3+ 1 197965 704030 
Ho 3+ 1299098 3 10583 
Au3+ 1020665 628475 
O S 3 +  1254255 646133 
Rh3+ 1 1 13 168 63 1603 
Table 1 4 . electi:\ity coefficients of K+ ions on trivalent GQs based on CD 
mea urements a t  295and 265nm at difterent folds of K+ ions 
Metal Ki, '-\=KJK,-\ a t  295 nm Ki ,A=Ki IKA at 265 run 
Ion 1 00 K+ 1 000 K 1 0,000 K+ 1 00 K- 1 000 K+ 1 0,000 K+ 
folds folds folds folds folds folds 
Ce3- 7.24xl O-3 9 .58x l  O-� 7 .06xI 0-5 1 .96xI 0-3 7 .90x I 0-� 1 . 50xl O-� 
m3+ 8 . 1 9x I 0-3 9 .63xl O-� 7 . 80xl O-5 2 . 55x I 0-3 6.20x l  O-� 1 . 5x l O-4 
Gd3+ 8 .22xl O-3 1 .04x1 0-3 7 .98xI 0-s 3 .66xI 0-3 9 .22xl O-4 1 .95xl O-4 
1b3+ 6 .38x l O-3 9 . 1 4x1 0-4 6 .53xl O-s 4 .70xl O-4 7 .60x I 0-4 1 . 70x l O-4 
Dy.3- 6.27xI 0-3 8 .0 1 xl O-4 6 .05xI 0-5 1 .45x 1 0-3 9.40xl O-4 1 . 83xl O-4 
Ho3-r 4 .25xl O-3 5 .9 1 x l O-4 4 .08xl O-S 8 .69xl O-3 2 .90xl O-� 2 .00xl O-4 
Au3+ 8.47xl O-3 1 . 1 1 xl 0-3 9 .70xl O-s 2 .98xI 0-3 8 .90xl O-4 2 .00xl O-4 
OS3+ 6.26x l O-3 7 .7 1 x l O-4 5 .93xl O-5 1 . 56xl O-3 7 .75x l O-4 1 .9 1 xl O-4 
Rhl+ 6 .37x l O-3 9 . 1 5x I 0-4 6 . 54x l O-s 6.2 1 xl O-4 8 .65xl O-4 1 . 70xl 0-4 
1 6 1  
3.4.6 Effect of time on fo nnation of GQ induce d by GdH and Au3+ ions in a bs e nce 
of K+ ion 
ffect of time on GQ induced from random coil D A by GdF and Au3+ ions was 
tudied b) following the C D  intensity of the 295 nm peak for 48 hour at room 
temp fature (F igure 1 08 ) .  0 ign.i:ficant changes were observed indicating high stability 
of fol111ed GQ tructures. 
10 
9 
E 8 
� 7 
0"\ 
N 6 ... "' 
5 ao 
(\I 4 "0 
E 
0 3 u 2 
1 
0 
� 
arb .. II 
0 
- A u-ra ndom coi l  
-+- Gd - ra n d o m  c o i l  
, , 
10 20 30 40 50  
TIme (h)  
Figure 1 08 .  CD spectra of GQ induced by adding (4xl O-6M) of Gd3+ and Au3 ions to 
(4xI 0-6M)  ACD(T2AG3 )3 random coil DNA at different tin1e till 48 hours. 
Condition : l O . O  rnM Tris- HCl  buffer. pH=7.4, A=295nrn, at room temperature 
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3.5 I nte raction of  Tb3+ ion " ltb D A us ing fluore ce nce pectro copy 
Lanthanide ions are hard cations, binding preferentially to oxygen and nitrogen. 
Th ir ionic radii are quite mailer than a- and K-. They display LeV\ris acid properties 
v. hich mak them useful in the hydrolytic c leavage of phosphor-diester bonds of D A. 
hielding of the 4f orbitals makes their energy not much influenced by the surroundings 
[ the metal ion [98] .  
Various tudie ha\"e b en denXlnstrated that lwninescence intensity of trivalent 
lanthanide 10115 and its chelate are enhanced through binding with duplex and 
quadrupJex DN [ 1 1 6, 1 96] .  Intrinsic luminescence of lanthanide ions in aqueous 
solutions are regularly weak because of weak electron transitions between the grOlmd 
and excited state of the limer 4f shell Se eral lanthanides chelates have shown to 
exhlbit tronger luminescence than their free ions. The reason is attnbuted to greater 
absorption eros - section of the ligand and the shield of lanthanide ions from solvent 
quenching by the ligands [ 1 1 6] .  
Panigrahi e t  a l  den10115trated that addition o f  calf thymus DNA to lanthanide ions 
increa ed their hrrninescence intensity [229] . Basu et al studied the effect of adding 
difierent concentration of 22mer human telomeric DNA to Eu3+ ions. TIle emission 
band at 452 .5  nm was fOlmd to enhance by adding D A. The usually sharp peaks at 
5 80-685 nm appeared weaker and broader due to solvent quenching of lanthanides. 
Enhancement was increased by samples' an ealing because annealing facilitates the 
formation of quadrupJex structures [ 1 1 6] .  
1b3+ ion undergoes enharlcement of its natural fluorescence when it interacts with 
DN A. I t  can substitute other iOl15 at their binding sites which makes it useful to study 
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interactions between D and other ions [ 1 96] .  Fluore cence enhancement of Th3- in 
pre en e of nucleic ac id indicated a base- and secondary- tructure specificity. However, 
e ondary structur ha"e mall r capability to enhance Th3+. Rare earth co-
lumine cence is a fluore cence enhancement effect which wa first found by J .  Yang 
and G. Zhu in 1 986 [230] .  Lin and coworker observed this effect for the first tin� in 
ystems of nuc leic acid . They found that Gd3+ enhances the fluorescence intensity of 
Th3+_ nu leic acids [23 1 ] . 111erefore, in this work Gd3+ ion was chosen to study its effect 
on the interactio n of Th3+ ion v,ith GQ DNA [230] .  
Yang et  al rep011ed that enhancement in Th3+ fluorescence in presence of nucleic 
acid is caused by binding to both phosphate groups and nucleic acid bases and 
attnbuted to intramolecular energy transfer [23 1 ] . Co- luminescence e ffect of Gd3+was 
attnb uted to the fonna tio n 0 f Th-Gd-d D A and the Tb-Gd-RN A. 
Although. ct- D A does not give fluorescence. its emission is greatly enhanced in 
presence of EthidiUl11 bromide ( EB)  due to the formation of EB-DN A  complex [232 ] .  
Tris buffer is also known to enhance fluorescence o f  lanthanide ions due its cheJating 
properties. Coordination of Th3-+- ions by tris prevents the O H  groups of water molecules 
from coordinating toTh3'" ions. Thus. the use of lower buffer's concentration was found 
to decrease the fluorescence intensity of Th3+ ions due to incomplete coordination to 
Tris molecules.  Therefore, optimization of Tris buffer concentratio n is necessary [233 ] .  
3.5. 1 I nte raction o f  Tb3+ ions with ct-DN A  us ing UV-Vis and fluoresce nce 
s pe ctroscopy 
F igure 1 09 shows the UV- Vis absorption spectnrrn of ThCb ( 2 .5x l O·3 M)  in 
Tris- HCI buffer pH 7.4 .  Th3+ ions exlnbited an absorption band at 220 run [234] .  
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dditi ns of ct- D ( 1 0-8 M )  to Tb3- ions resulted in a h) perchromism of the 
ab orption band of Th3- ion \\ithout hilling the wavelength imilar findings were 
reported b) De\1 and ingh for the interaction of the trivalent lanthanide ion:, 
pra eod mium: Vvith ct- D A [ 1 47 ] .  
I n  figure 1 09, 2 . 5  1 0-3 M Th3+ titrated with ct- D A ranged from 1 .66x1 0- 1 1 to 
1 .96. 1 0- 1 0  . 111is re ulted in molar ratio [Tb3+/ D A] r value ranged in 1 . 5x l 08 to 
1 .25x l 07. Plot of Ao/(A-Ao )  ver us l I[ct- D A] revealed a linear regression from which 
a binding constant (Kb) of Tb3+ to ct- D A of 1 . 1 3X 1 0 1 0  M- I was obtained (F igure 1 1 0) .  
111is relatively high binding constant reilects binding of Tb3+ ions to ct-D A bases and 
pho phate groups on D A backbone. Tb3+ ions at high concentration was reported to 
bind to the N 7 of guanine ba es and phosphate groups by previous reports and 
experinlental e\idence usmg fluorescence, circular dichroism electrical dichroism and 
thennal denaturatio n [ 1 96 ] .  
At low Py3- and d3+ ions' concentrations, Devi and Singh reported binding 
constant of 5 . 1 8xl  02 M- I and 9 .59x l 02 M- I  for the interactions of Py3+ and d3+ ions with 
ct- D A. Low binding constants could be attnbuted to the use of low nletal ions 
concentrations of Py3-ions ( [Py3+]I[D A] ranged in 0.0-20 and of d3+ ions ( [Nd3+]/[ct­
D AD ranged in 0.0-4 .0 [ 1 46, 1 47] .  They suggested electrostatic modes of interaction 
along the phosphate group on backbone between praseodymium and neodymium ions 
and ct- DNA. 
Thus. it seems that two modes of interactions are effective for the interactions of 
trivalent lanthanide ions with ct- D A. At low concentrations, interaction with 
phosphate groups is favorable as exemplified by Pr3+ and Nd3+ ions. At high 
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concentratjons. interaction �ith nu leotide ba e is favorable as in our case of Th3- ions. 
111e fir t mode revealed 10\\ binding constants whereas the second mode gave a high 
bind ing constant. 
Figure 1 1 1  how the fluorescence pectrum of ThCb ( 1  x l  O-s M) in 1 0 mM 
Tris- HC I buffer pH 7.4.  The spectnun was recorded usmg 220 nrn as excitation 
wayelength. Th3- ions exlnbited two trong fluorescence band at 490 and 545 nm 
attnbuted to transitions fi-om 5D-t to 7F6 and 7Fs. respectively [23 1 ] . The bands at 587  
622 and 67 1 run are shown as broad and weak and attnbuted to 7F-t,  7F3 and 7F l 
transitions. re pectively [23 5 ] .  Figure I I I  also shows the effect of time on fluorescence 
pectra of Th3- ions ( 1 x I O-5 M )  mixed with ct- D A (2 � of 1 00 ppm l xI O-8 M) after 
2- 1 0  minutes incubation periods. Insignificant changes were observed indicating that 
Th3+ ions are filst interact ing with ct-DNA. 
F igure 1 1 2 shows the effect of adding ct- D A ( 1 00 ppm: l x 1 0-8 M) on 
fluorescence spectrum of Th3+ 10115 ( l x l O-5 M) in Tris- HCI buffer pH 7.4 .  Initial 
additions of 2 .0  to 20 � ct- D A resulted in decrease in quantum yields of Th3+ ions 
indicated by the decrease in fluorescence intensities of all bands at 490, 545 .  587 ,  622 
and 6 7 1  run FUlther addition of ct-D A (20-360 �) resulted in increase the 
fluorescence intel1Sities at all bands and reached saturation level at higher concentrations 
(>360 �) ( Figure 1 1 3 ) .  
Initial decrease in fluorescence intensity of Tb3+ ions at low concentration of ct­
D A might be attnbuted to light scattering caused by association of DNA molecules 
around Th3-ions. I n  our titration. the initial molar ratio of [Th3+]/[ ctDN A] = I X l  06 was 
used ensuring that all phosphate groups on DNA backbone have neutralized by Th3+ 
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IOns. t hlgher D concentrations. fluore cence quantum ield of 1b3-ions increased 
due to binding f 1b3- ion to 7 of guanine base associated v.1th energy transfer from 
the ba e to terbium ions [ 1 86. 1 96] .  imilar findings were reported by Panigrahi et  a l  
on enbanc ment of terbium lumin cence intensity as the concentration of ct- D A 
increa ed [229] .  aturah n Ie eL no further free 1b3- ions have becon1e available m 
olutio n ubsequenLly. exces D did not induce fluorescence. (Figure 1 1 4 ) .  
F igure 1 1 5 show Scatcbard plot ba ed on results tabulated in appendix 3 1 .  T\ 0 
inter ecting lin indicated the presence of 1\\'0 binding sites on ct- D  A along the 
pho phate groups and donors along the nucleotide bases. The two lines gave binding 
affinitie 1 .96x l 04 and 4 .0x l 06 M· l .  respectively. imilar findings were reported by 
Gro and inlpkin \vho sugge ted the existence of 1\\'0 binding sites on Ullpaired 
re idue of pol)TIucleotide chains: the phosphate moiety and electron donor groups on 
the nucleo ide base with conlparable binding constants to our values [ 1 97] .  
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Figure 1 09 .  UV absorption spectra of 2 .5x1 0·3 M Tb3+ions titrated with (0. 5 ,  1 0, 1 5 , 
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Figure 1 1 0 .  Plot of Ao/(A- 0) ver us l /[ct- D A] m 1 0 .0 mM Tlis-HCl pH= 7.4 at 
room temperature. Absorbance wa recorded at Amax= 220 nm 
100 
90 
80 
70 
:[ \ <D 60 l! � 50 " � 
\ 40 
30 / 
20 �,- // 1 0  ---./ �r<' 
0 
480 500 520 540 560 580 600 620 640 660 680 
Wavelength (nm] 
Figure 1 1 1 .  Fluorescence spectra of Tb3+ ions ( l xl 0-5 M )  rrllxed with 2!Jl ct-DN A  ( l 00 
ppm:. - 1 0-8  M) after (2. 4 6, 8 and 1 0  min) Condition: 1 0mM Tris-HCl pH= 7.4 at 
room temperature. Aex= 220 nm 
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Figure 1 1 2 .  Fluorescence spectra of Th3 ions ( I x 1 0·5 M)  titrated with (0,  2, 4, 6, 8 .  1 0, 
1 5  and 20 � of ct- O A ( 1 00 ppm � 1 0·8 M )  in 1 0mM Tris- HCl pH= 7.4 at room 
temperature. ? e  = _20 run 
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Figure 1 1 3 .  F luorescence spectra of Th3+ ions ( l x 1 0·5 M )  titrated with 20, 30 .  40. 60. 
80. 1 00.  1 20.  1 40, 1 60, 1 80, 200, 220, 240, 260, 280, 300, 320, 340, 360. 3 80 and 400 
� of ct- D A ( 1 00 ppm.; - 1 0.8 M )  in 1 0rnM Tris- HCl, pH= 7.4 at room temperature. 
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Figure 1 1 5. Scatchard p lot of rlCf versus r ii-om fluorescence spectra of 1b3+ IOns 
through the titratio n with ct- DNA using Aex = 220 nm and Aem= 547nm 
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3.5.2 I nte ract ion of Tt>3+ ions ",itb  buma n te lome re  GQ us ing fluore ce nce 
pectro copy 
Figure I 1 6  shows the fluorescence pectra of Tb3+ ions ( l x1 0-5 M )  mixed with 2 
� hLUTlan telomere G3(T2ACb )3 GQ ( 1 .27xl O-" M) after 2- 1 0  minutes time inter\'als. 
Insignificant changes observed in spectra indicated irnrrediate formation of Tb3+- GQ 
complex. 
Figure 1 1 7 ho\',' the effect of adding GQ ( 1 .27x1 0-4 M )  to Tb3+ ions ( 1  xl O-s M ). 
Tb3+ ions quantum )ield wa found to increase by increa e the concentration of GQ a 
indicated by increa ing fluore cence intens ity at 547 and 49 1 run 
lacesh et al a sumed that enhancement in fluorescence intensity is caused by 
binding Tb3+ ions �ith phosphate groups of D A. They justified their assmnption based 
on a suming that the ionic radius of Tb3 is very large to bind with the cavities of GQ 
[23 6 ] .  111is assmnption was refuted by mct that Tb3+ has ionic radii of 0 .92 and 1 .  09 5 A ° 
using coordination numbers 6 and 9 while the ionic radius of a+ is 1 .02 and 1 .24Ao, 
respecti\'ely [ 1 86] .  On contrary, Worlinsky and Basu have proven that enhancement of 
luminescence intensity of Tb3+ ions by addition of AG3(T2AG3 )3 is attnbuted to binding 
of Tb'T ions to nucleotide bases of quadruplex sequences [ 1 1 6] .  Further evidence on 
Tb3- ions binding to electron donor groups on the nucleoside bases associated with 
fluorescence enhancement was provided by Gross and Simpkins [ 1 97] .  
F igtrre 1 1 8 shows the variation of fluorescence intensities of Tb3+ IOns at 49 1 
and 547 nm versus GQ 's  concentrations. The curves covered molar ratios [Tb3+]/[GQ ] 
ranged in 3 . 1 5  to 78 .74 and reached plateau values at about 2.00 x l 0-6 M D A (Figure 
203 and appendix 32) .  Enhancement of Tb3+ ions fluorescence upon additions of GQ is 
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attnbuted to binding to guanine ba e \\ithin the G-quartet ca"ities by replacing K- ions. 
F igure 1 1 8 also indicated the stoichiometric ratio of - 5 .00 [Th3-t-]l[GQ ] at both 
wavelengths 49 1 and 5-+7 nm ince 22 n�r t lomere D A AG3(T2AGJ )3 sequence form 
three layers of G- tetrad. it can accommodate 2-3 ions of Th3+. Remaining Th3+ ions 
might bind either to pho po re backbone or to bases on the A IT loops. imiIar findings 
were rep0l1 d b Gal zowska and coworker using 2 1  mer hlUTlan telorrere with 
equ nee d(G3T2 G3T2 GJT2AGJ ) [ 1 86] .  
Comparing flore cence quantum yield induced by the addition of GQ and ct- D  A 
to Th3- ions indicated that GQ induced higher fluorescence than ct-D A at comparable 
concentrations. imilar results were obtained by Worlinsky and Basufor fluorescence 
quantum yield induced by adding GQ and ct- D A to Eu3+ ions [ 1 1 6] .  Encapsulation of 
Th3-t- ions inside the quadrupJex cavity is suggested to the main reason for the 
enhancen�nt of Tb3+ ions photollUninescence. Encapsulation protects Th3+ ions from 
interactions \\itb aqueous envirOlm1ent and enables energy transfer from guanines [ 1 86] . 
Figure 1 1 9 shows Scatchard plot based on ltuninescence titration data. The c urve 
gave apparent binding constant of 1 06 M- l and number of binding sites of 9 for Th3+ 
ions per each GQ molecule. These results indicate strong binding to the bases which are 
enough to justifY the replacen1ent of K + ions by Th3+ ions in the cavities. 
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Figure 1 1 6 .  Fluorescence spectra of 1 0-5 M Th3+ions mixed with 2� ACb(T2ACb )3GQ 
( 1 .27xl O--l M )  and incubated for 2, 4, 6. 8  and 1 0  min. Measurement was done in 1 0mM 
Tris- KCL pH= 7 .4, at room temperature and using Aex= 220 run 
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Figure 1 1 7 .  F luorescence titration of Th3+ions ( 1 0.5 M ) with telomere GQ D A 
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Figure 1 1 8.  Variation of fluorescence intensity at 49 1 and 547 nm of Tb3+ ions ( 1 0-5 
M)ver us concentration of 22 n�r telomere GQ DNA in 1 0  mM Tris-KCl buffer pH 
7 .4 ;  Aex = 220 run 
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Figure 1 1 9.  Scatchard plot of rlCr versus r based on fluorescence data of Tb3+ ion 
titrated with GQ DNA using at Aexof220 11111 and II-em of 547 nm 
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3.5.3 I nte raction of  GQ D A "ith equimola r T�+ and Gd3+ ions 
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in e co- 1umin cence e:trect of rare earth ions as discovered by ling he Yang 
and Guiyun Zhu in 1 986, it ha become an inlportant n�thod to impro e sensitivity in 
flu rometric determination of rare earth ions [230] .  Later on. Yang et al have applied 
this effect in detennining nucleic acid from fish spenn and yeast with detection limits 
of 4 .3xl  0-9 glml for D and 6 .4x l O-9 glml for RNA. Among c3+, y3 , La3+, Gd3+ and 
Lu3�. Gd3 and Lu3+ were fOlIDd to have the greatest enhancement e:trect on fluorescence 
of Th3+ ions [23 1 ] . Panigrahi and coworker have used the fluorescence enhancement of 
Eu3 .... in certain aromatic acid cOl11ple 'es by the addition of La3+ [237 ] .  In recent studies, 
they used the fluore cence's enhancement of terbiunl and europium by ct- DNA to 
estimate D A concentratio n  [229] .  
F igure 1 20 shows changes m co- fluorescence intensity of equimolar 
concentrations of Th3- and Gd3+ ions ( 1  xl 0-5 M )  versus the concentration of GQ D A 
added ( 1 .27x l O-4 M). The slope of the curve is 7 X l  07 .  1 .4 times higher than the slope of 
similar curve in absence of Gd 3+ ions. These results indicate 40 % enhancement of Th3+ 
ions in presence of equimolar concentration of Gd3+ ions (Appendix 3 3). The curve 
reached saturation at GQ concentration of 3 x l O-6 M .  At this level Th3+ and Gd3+ ions 
would have been completely bonded to DNA and no further free ions would be existing 
for binding on GQ binding sites. 
Co- fluorescence has been attnbuted to energy transfers from the ligand to the 
metal ion and from one cOl11plex molecule to another one. The lanthanide ion whose 
fluorescence is enhanced is referred as acceptor ion and the one whose presence enhance 
the fluorescence of acceptor is referred as donors. In co-fluorescence, the concentration 
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of the donating metal ion has to be 1 000- 1 0000 times higher compared to the acceptor 
i n. 1be energy is transferred from the donor complexes to the acceptor comple e m an 
intermo 1 c ular energy transfer mode [229].  
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Figure 1 20 .  Changes in Cofluorescence of eqirrolar concentrations of Th3+ and Gd3-r 
ions ( l xl O- S  M) versus the concentration of GQ DNA. Mea urement was done usmg 
Aex = 220 nm .. Aem= S47nm .. in Tris-KCI  buffer pH 7.4 at room temperature 
3.5A Enhance me nt of Tb3+ -GQ' fluoresce nce y ie ld by Gd3+ ions 
1be effect of Gd3+ ions on photoluminescence of Th3+ -GQ complex was 
investigated by adding different volunes of Gd 3+ ions ( 1  x l  0- - M )  to the complex fom1ed 
by mixing GQ DNA ( 1 . 88x l O-6 M )  with Th3+ ions ( l x l O-5 M )  (Appendix 34) .  
F igure 1 2 1  shows the change in fluorescence intensity as  a fimction of Gd 3+ ions-
concentration. Initially, the fluorescence intensity of Th3+-GQ was found to decrease 
v.ith increasing Gd3- ions' concentration till 3x 1 0-7M.  Further increase in Gd3+ ions' 
concentrations has increased the fluorescence eITlLSSlon of Th3+. Since co-
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photolumine cence - enhancement b; rare earths is attnbuted to energy transfer 
between donor and acceptor complexes a indicated abov _ it seems that Gd3-,- ions 
initiail) a sociate \\ith pho phate groups on D backbone. This process does not 
re uh in energy transfer betv,:een Gd3- ions and Tb3+ ions complexes. At higher Gd3� 
ions' concentrations (>  3 1 0-7 M), Gd3+ ions enter the GQ cavities and bind with 
guanine ba es. This process re uhs in energy transfer between coordinated Gd 3+ ions 
and Tb3- and ubsequently enhancing the fluorescence emission of Tb3+-GQ. 
F luOl-e cence enhancement \\·as also observed when the system was reversed ( i.e. using 
variable Tb3+ ions' concentrations) 
coworker in their studie . [229] 
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Figure 1 2 1 .  Enhancement of fluorescence emission of Th3+_GQ fOlmed by mixing Th3+ 
ions ( ( 1 xI O-S M )  with GQ ( 1 . 88xl O-6 M )  as a fimction of Gd3+ ions concentration ( l xI O­
: M). Measurements was done using Aex = 220 run, Aem= 547nm in Tris-KCl  buffer, pH 
7 .4 
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C HAPT E R  FOUR 
CONCLUSI O N  
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control th machinery of living cells through coding different 
bioch mical fimctions. Metal ions play a critical role in inducing and stabilizing 
diffi rent D struc hrra I conformations through interacting with various sites on nucleic 
acid . I nteracti ns are controlled by the relative affinity of metal ions towards the 
negatively charged pho phate backbone and donor nitrogen or oxygen on nucleotide 
ba e 
everal tudie hay investigated the interactions of metal ions with duplex and 
high r ord rs 0 confomlations. These interactions vary greatly, from monovalent 
alkali i ns that are primarily delocaliz.ed in a diflilSe c loud arOlmd duplex D A to 
transition metals that are directly coordinated to the nucleotide bases. Due to the 
po�'anionic nature of D A molecules. they are always associated with cations in living 
cells which are essential for mainta ining the nucleic ac id struchrre and function. 
In this work. \ve studied the interactions of calf thymus. human telomere random 
coil 0 A and ht.n:nan te lomere GQ D As \\-1t:h trivalent lanthanide metal ions that 
included Ce3�. Snt3 ...  Dy3 .... Gd3T• H03+. Th3+. Rh3+. OS3+ and Au3+. Investigations were 
done using UV -Vis. fluorescence and circular dichroism techniques, TI1e study was 
carried out in aqueous solutions using Tris buffer. pH 7.4 .  
Results of UV -Vis measurements indicated that the nme investigated trivalent 
metal ions interact with hUl11all telomere single strand random coil and GQ DNA 
through guanine bases. at low concentrations. At higher concentrations excess IOns can 
mteract with phosphate backbone. Trivalent ions induced transfomlations of random 
coil D A to antiparallel GQ conformation. Reactions between Rh3+, Os3+ and Au3+ and 
GQ D A were found slow. Results also indicated that ct - ON A interacted with 
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lanthanide rn.:!tal ions through an intercalation binding mode and with a n:ll.-xed binding 
mode in luding intercalations and electrostatic binding for Rh3 ... , Os3-'- and Au3 ... ions. 
toichiometri ratio of metal ions to ct- D A indicated one rn.:!tal ion per each m,'o base 
pair . Binding constants of 1 . 8 J - 3 .09xl 04 M- i were obtained for lanthanide metal ions 
with ct- D and 6. 1 6- 7 .90xl 02 M- i for hea metal ions. The order of binding affinity 
was Ce3+> Tb3+> Gd3+> m3+> Dy3+> H03+> Rh3+> Au3+> Os3+. Melting temperature 
indi ated that all the e metal ions destabilized ct- D A with Ce3+ ions is the most and 
Rh3- is the lea t de tab ilizin g. 
C ircular dichroism meastrrements on GQ interaction with trivalent metal ions 
indicated intercalation binding modes in which trivalent ions replaced K + ions in G­
quartet cayitie . toichiometric ratios of 1 .0 to 1 . 5 per GQ molecule were obtained. 
catchard plots indicated binding affinities in the range 1 . 84x1 04 to 1 .00x1 06M- i .  
MeIting temperature curves indicated that all investigated ions stabilized GQ by 4.00 to 
9 .00 °C .  
CD meastrrements also indicated that, additions of trivalent ions to random coil 22 
tel human telomere DNA induced quick transformation to the antiparalle J GQ 
conformation Molar ratio method indicated stoichometric ratios between 1 : 1 and 2 : 1  
( M3- :  D A)  with binding constants in the range 1 . 74x l 04 to 1 .00x l 06 M- i .  Melting 
temperature curves indicated that Gd3+ ions stabilized random coil hlUl1an telomere 
D A b around 5 .00 °C .  Results indicated that antiparallel GQ fo�d by trivalent ions 
is transfonned into parallel conformation followed by base base unstacking at higher 
temperatures. Results also indicated that GQs induced in absence of K+ are less stable 
compared GQ structures fonned in its presence. 
1 8 1  
dditions 0 f 1 00- 1 0000 fold of K - ions to GQ induced by triyalent ions re ulted 
ill transformation of the antiparallel GQ to the hybrid conformation These results were 
attributed to th association of K"- ions with the pho phate groups on the surfuce. 
electi\ ity coeffic ients of 1 0-3 - 1 0-5 were obtained for K+ ions over trivale nt IOns. 
F luorescen e mea urement on Th3+ interactions with ct- DN A and hwnan 
telomere GQ confirrred the above results. 
111is tudy tri d to Lmder tand the role of metal ions in regulating DNA 
replications. The re ults obtained here could successfully gave insights on how trivalent 
metal ions a:trect the conformations of different D A strands and subsequently 
contnbute in controlling cell machinery. 111ese results could also be of high in1portance 
for fUture de igning of anticancer and anti- neurode gene rat i ve drugs. 
Finally_ m suggestion for the :firture investigation is to study the melting 
temperature (Tn!) of GQ D A in presence of these tri alent metal ions at different molar 
ratio in order to determine the optimal concentration that has the highest stability of GQ . 
This concentration would be helpful for cancer treatment. The measurements may also 
c arry out simultaneously using multiple cell holders to avoid the systematic error as 
possible. Moreo er, study the stability of different complexes containing these trivalent 
ions and cOl11jJare if s T m would be a great useful in designin g cancer drugs. 
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A p pend i ces 
pen d i '  1 .  D ab orbance of ct-O at 275 nm i n  ab ence and presence of d i fferent  
' !.lt ion of d3+ ion and ca lcu lated Rr and Rtf [Gd3+] ,  tak ing i n to account the 
d i lu t ion faclor 
olar 
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J+ / �DNAI 
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M3+conc. ct-DNA CD at 
Rr/ [M3+] ( M )  cone. ( M )  2 7 5  nm Rf  
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1 97 
. ppe n d i x  2 .  0 absorbance of ct-D at 275 nm i n  ab en e and pre ence of d i fferen t  
concentrat ion of 0 \  3 ion and  ca lcu lated R,  and  Rtf [ 0) 3 J .  tak ing i nto accoun t  the 
l i l u t ion factor 
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p pe n d i x  3 .  0 ab orbance of ct-O at 275 nm i n  ab ence and presence of d i fferent  
concentrat ion of m3 i n and ca lcu lated Rr and Rtf [ m 3+ ] .  tak i ng  i nto account the 
d i lu t i on fa tor 
Molar  Molar  Addit ion 
rat io ratio volume M3+conc. [ M3+j fro m lOA•2 ct-DNA CD at Rt/ [M3+ ]  [ M3+/ ( M )  conc. ( M )  2 7 5  nm Rf onebp M DNA] DNA] M3+(m l )  
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1 6000 . 00 I 1 .08 0.024 7 .94 E-05 4.96 E -09 
6 . 3 7364 1 1 2 600 
20 1 
A p pe n d i x  6 .  D absorbance of  ct-D at 275 nm i n  ab en e and presence of d i fferent  
t t ·  f J... . d l i d 1+ con en ra Ion 0 e Ion an ca cu ate Rr and R tf [ e  ], tak i ng i nto account the 
d i l u l ion fact r 
I Molar Addit ion M olar 
ratio ratio volume M3+conc. [ M3+j fro m lO"-2 ct-DNA CD at Rt/ [M3+) [ M 3+j ( M )  conc. ( M )  Rf one bp M 275 n m  DNA) 
DNA) M3+( m l )  
0.00 0 0 0 5 E -09 9 . 63672 0 -
I 1 3 3 3 . 3 3  0 . 09 0.002 6.66E -06 5 E-09 8 .89 144 0 . 1 14 109 1 7 1 27 . 76 
2 666.67 0 . 1 8  0.004 1 . 3 3 E-05 4 . 99 E-09 7 .92831 0 . 2 6 1 5 7 3  19644 . 1 1  
4000.00 0 . 2 7  0.006 2 E -05 4 . 99 E-09 7 . 2 2 902 0 .36864 18468.88 
�3 3 . 3 3  0 . 3 6  0 .008 2 . 66E-05 4.99 E-09 6 . 62 1 1 5  0.4617 1 1  17 3 60 . 32 
6666.67 0.45 0 .01 3 . 3 2 E-05 4 . 98E-09 6.02372 0 . 5 5 3 1 8 2  1 6650.79 
8000.00 0.54 0.012 3 . 9 8E-05 4 . 98E-09 5 . 3 2 3 5 3  0. 660388 1 6575.73 
I 
I 
9 3 3 3 . 3 3  0 . 6 3  0.014 4 . 64 E-05 4 . 98E-09 4 .97842 0 . 7 1 3 2 2 7  1 53 5 4 . 76 
I 10666.67 0 . 7 2  0 . 0 1 6  5 . 3 1 E-05 4 . 97 E-09 4 . 5 5 166 0 . 778568 14676 
1 2000.00 0 . 8 1  0 . 0 1 8  5 .96E-05 4 . 97 E-09 4 . 18536 0.834652 1 3994.33 
1 33 3 3 . 33 0.9 0 . 02 6 . 6 2 E-05 4 .97 E-09 3 . 9 2 6 5 1  0 . 874284 1 32 0 1 . 69 
14666.67 0 .99 0.022 7 . 2 8 E -05 4 .96E-09 3 .86309 0.883994 1 2 1 4 2 . 86 
1 6000.00 1 . 08 0 .024 7 .94 E-05 4 . 96 E-09 3. 6639 0 . 9 14492 1 1 5 2 2 . 6  
1733 3 . 3 3 1 . 1 7 0 . 0 2 6  8 . 5 9 E -05 4 .96 E-09 3 . 5 1 5 2 2  0 .937256 10908 . 2 2  
18666.67 1 . 2 6  0.028 9 . 2 5 E-05 4 .95 E-09 3. 29404 0.9 7 1 1 2 1  1050 1 . 98 
20000. 00 1 . 3 5  0 . 03 9 . 9 E-05 4 . 9 5 E -09 3 .40242 0 . 9 54 5 2 7  9640. 7 1 9  
--
2 1 3 3 3 . 3 3  1 . 44 0.032 1 .06E-04 4 . 9 5 E -09 3 . 2 2 6 1  0.9 8 1 5 2 3  9299.929 
I 2 2666.67 1 . 5 3  0 .034 1 . 1 2 E-04 4 .94E-09 3 . 10542 1 8923. 529 
I 
202 
A ppen d i x  7. V ab orbance of ct-D at 260 nm in absence and presence of d i fferent 
con entrat ion of u3� ion and cal u l ated J [ - 0 ]  and \ /[ u3+ ] ,  tak ing  i nto account the 
d i l u t ion factor 
Molar  
Addit ion 
Molar rat io  volume ratio [ M 3+/ M3+conc. ct-DNA U V at 1/ [A-
[ M3./ from10"·2 ( M )  conc. ( M )  260 nm A-Ao Ao] 1/[Au3+] one 
DNA] bp 
M 
M3+ (m l )  D NA] 
0 .00 0 0 0 5 E-09 0. 798458 0.00 0 .00 0 . 00 
�3 3 3 . 3 3  0.09 0.002 1 50 100.0 6 . 66E-06 5 E -09 0.825425 0.03 37.08 
0 
' ('66.67 0 . 1 8  0 .004 1 . 33 E-05 4 . 99 E -09 0.857753 0.06 16.86 75100.00 
4000.00 0 . 2 7  0.006 2 E-05 4 .99E-09 0.889362 0.09 1 1 .00 50100.00 
5 3 3 3 . 3 3  0 . 3 6  0 .008 2 . 66E-05 4 . 9 9 E -09 0 . 9 2 1 637 0 . 1 2  8 . 1 2  37600.00 
6666.67 0.45 0.01 3 . 3 2 E-05 4 .98E-09 0.9 56462 0 . 1 6  6 . 3 3  30100.00 
8000.00 0 .54 0 . 0 1 2  3 . 98E-05 4 .98E -09 0.987106 0 . 19 5 .30 2 5 1 00 . 00 
I--
9 3 3 3 . 3 3  0 . 6 3  0.014 4 . 64 E -05 4 . 9 8 E-09 1 .0 1 8 1 3 2  0 . 2 2  4 . 5 5  2 15 28.57 
10666.67 0 . 7 2  0 . 0 1 6  5 . 3 I E-05 4 . 97 E-09 1 .053757 0.26 3 . 9 2  1 8850 .00 
1 2000.00 0 . 8 1  0 .018 5 . 96E-05 4 . 9 7 E -09 1 .09024 1  0 . 2 9  3 . 4 3  16766.67 
1 33 3 3 . 3 3  0 . 9  0 . 02 6 .62 E-05 4 . 97 E -09 1 . 1 20144 0 . 3 2  3 . 1 1  1 5 100.00 
14666.67 0 .99 0.022 7 . 28E-05 4 . 96 E-09 1 . 1 57733 0.36 2 . 7 8 1 37 3 6 . 36 
1 6000.00 1 .08 0.024 7 . 94 E -05 4 . 9 6 E-09 1 . 1 9 3 2 1 7  0 . 3 9  2 . 5 3  1 2 600.00 
1 7 3 3 3 . 3 3  1 . 1 7  0 .026 8 .59E-05 4 .96 E-09 1 . 2 1 9818 0 . 4 2  2 . 37 1 1 638.46 
18666.67 
I 
1 . 2 6  0.028 9 . 2 5 E -05 I 4 . 9 5 E -09 1 . 2 52 386 0.45 2 . 2 0  108 1 4 . 2 9  
I I 2 0000.00 1 . 3 5  0 .03 9 . 9 E -05 4 . 9 5 E-09 1 . 2 96079 0.50 2 .0 1  10100.00 
2 3 3 3 3 . 33 1 . 58 0.035 1 . 1 5 E-04 4.94 E-09 1 . 36384 1 0.57 1 . 77 8 6 7 1 . 4 3  
2 66 6 6 . 67 1 . 80 0 . 04 1 . 32 E-04 4 . 9 3 E-09 1 .443376 0 . 64 1 . 55 7600.00 
- -- - -
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ppcn d i  8.  L ab orbance of ct-D at 260 nm in absence and pre ence of d i fferent 
cone nlrat ion of OS3 ion and ca lcu lated 1 / [ - 0] and 1 /[ 053+ ] ,  tak i ng  i n to account the 
d i l u t i  n factor 
Molar  
rat io 
[ M3+/ 
DNA] 
I-
0.00 
-
1 3 3 3 . 3 3  
2 666.67 
4000.00 
5 3 3 3 . 3 3  
6666.67 
I 
8000.00 I 
I 9 3 3 3 . 3 3  I 
10666.67 I 
1 2000 . 00 
1 3 3 3 3 . 33 
I 
14666.67 I 
I 
1 6000.00 
1 7 3 3 3 . 33 
I 1 8666.67 
2 0000.00 
I 
I 
2 3 3 3 3 . 3 3  
I 
I 2 6666.67 
I 
I Molar  I I t " Addit ion ra 1 0  
[ M 3+/ vol ume M3+conc. fro m lOA-z ( M )  one 
bp M 
M3+ (ml )  DNA] 
0 0 0 
'-- I--- -r-0.09 0 .002 6 .66 E-06 
0 . 18 0.004 1 . 33 E-05 
0 . 2 7  0.006 2 E-05 
0 . 3 6  0.008 2 . 66E-05 
0 . 4 5  0 .01  3 . 32 E-05 
0.54 0 . 0 1 2  3 . 98E-05 
0.63 0.014 4 . 64 E -05 
0 . 7 2  0 . 0 1 6  5 . 3 1 E-05 
I 
0.81 0 .018 I 5 .96E-05 
0 . 9  0.02 I 6 . 6 2 E-05 
0 .99 0 .022 I 7 . 28 E-05 I 
1 .08 
I 
0.024 I 7 . 94 E-05 
I 
1 . 1 7 i 0.026 I 8 . 59 E -05 
1 . 2 6 0.028 I 9 . 2 5 E -05 
1 . 3 5  0.03 9 . 9 E -05 
--
1 . 58 0 .035 1 . 1 5 E -04 
I 
1 . 80 1 0 . 04 1 . 32 E-04 
I 
ct-DNA U V at 1/ [A-
conc. ( M )  260 n m  A-Ao Ao] 1/[053+] 
5 E-09 0.801049 0.00 0 .00 0.00 
5 E-09 0.828907 0.03 3 5 .90 1 50100.00 
4 . 99 E-09 0 . 8 58245 0.06 1 7 .48 7 5 1 00.00 
4 . 99 E-09 0.89 1407 0.09 1 1 .07 501 00.00 
4 . 9 9 E -09 0 . 9 24609 0 . 1 2  8.09 37600.00 
4.98E-09 0 .957026 0 . 1 6  6 . 4 1  30 100.00 
4 . 98E-09 0 . 9 9 1 7 2 7  0 . 1 9  5 . 2 4  2 5 1 00.00 
4 .98 E -09 1 .026707 0 . 2 3  4 . 4 3  2 1 528.57 
4.97 E-09 1 .0 5 6 1 7  0 . 2 6  3 . 9 2  18850.00 
4.97 E-09 1 .080093 0 . 2 8  3 . 58 16766.67 
4 .97 E-09 1 . 1 14 2 6 3  0 . 3 1  3 . 1 9 1 5 1 00 .00 
4.96 E-09 1 . 1 4 1 8 3 2  0.34 2 . 9 3  1 3 7 3 6 . 3 6  
4 .96 E -09 1 . 1 77797 0.38 2 . 65 1 2 600.00 
4 . 96E-09 1 . 2 1 1285 0 .41  2 .44 1 1 638.46 
4 .95 E-09 1 . 2 36604 0.44 2 . 30 108 1 4 . 29 
4 . 9 5 E -09 1 . 2 70 1 7 1  0.47 2 . 1 3  10100 . 00 
4 . 94 E -09 1 . 3 39978 0 . 54 1 .86 867 1 . 4 3  
4 . 9 3 E-09 1 . 408 107 0 . 6 1  1 . 65 7600.00 
204 
A p pen d i x  9.  lJ V absorbance of ct-O at 260 nm i n  ab ence and presence of d i fferent 
conccntral lon of Rh' ion and ca lcu l ated I I  [ -AoJ and I /[ Rh3l, tak i ng  i n to account the 
1 factor 
r Molarl ratio 
VJl I �NA) 
0.00 
� 
I 1333 33 
r- -f-2666 67 
4000.00 
-I---
3 
I 
6666 67 �OO OO 
I 9333.33 
10666.67 
12000 00 
I 
133333� 
14666.6 7  
I . 
I 16000.00 
17333 .33 I 
18666.67 
I 20000.00 
23333.33 
�utJbb.67 
I 
Molar 
ratio Addit ion 
[ M3·1 
volume 
fro m 10A•2 one b p  
M M3+ ( m l )  
DNA] 
----0..-
0 0 
0.09 0.002 
-
0.18  0.004 
0 .27 0.006 
--
0 36 0.008 
045 0 .01 
0 54 0.012 
0.63 0.014 
0.72 0.016 
0 8 1 0.018 
0.9 0.02 
0.99 0 022  
1 . 08 0.024 
1 17 0.026 
1 .26 0.028 
1 .35  0.03 
1 .58 0 035 
1 .80 0.04 
M3·eone. et-DNA UV at 11 [A-
(M)  cone. ( M )  2 6 0  nm 
A-Ao 
Ao] 1/[ Rh3+) 
0 5 E-09 0. 7966 0.00 0.00 0.00 
6.66E-06 5E -09 0.80759 0.01 90.99 150100.00 
1 .33E-05 4 .99E-09 0.8292 0.03 30.67 75 100.00 
2 E-05 4.99E-09 0.85333 0.06 17 .63 50100.00 
2.66E-05 4.99E-09 0.87199 0.08 13 .26 37600.00 
3 .32E-05 4 .98E-09 0.88775 0.09 10.97 30100.00 
3.98E-05 4.98E-09 0 .91263 0. 12  8.62 25 100.00 
4.64E-05 4.98E-09 0.93763 0 .14 7 .09 21528.57 
5 .31E -05 4.97E-09 0.94728 0 .15  6 .64 18850.00 
5.96E-05 4.97E-09 0.96992 0 . 1 7  5 . 7 7  16766.67 
6.62 E-05 4 .97E-09 0.99255 0.20 5 .10  15100 00 
--
7.28E-05 4.96E-09 1 .0138 0 .22  4 .60 13736.36 
7 .94E-05 4.96E-09 1 .041 0.24 4 .09 12600.00 
8.59E-05 4.96E-09 1 .0657 0 .27  3 .72  1 163846 
9 .25E-05 4.95E -09 1 .0993 0.30 . 3 .30 108 14 29 
9.9E-05 4.95E-09 1 . 1277 0 .33 3 02 10100.00 
1 . 15 E-04 4 .94E-09 1 . 1895 0.39 2 .55  867 143 
1 .32E-04 4.93E -09 1 .2494 0.45 2 . 2 1  7600 .00 
A ppen d i x  1 0 . 0 absorbance of  ct-D at 275 nm i n  absence and pre ence of d i fferent 
mo lar ral io [ �1 3 0 ] upon i ncreas i ng  in temperatures bet\ een 2 - - 98 0 
T Gd- Sm- Tb- Oy- Ho- Ce- Rh- Os- Au-
(0C) ct-ONA ctDNA ctONA ctONA ctDNA ctDNA ctDNA ctDNA ctDNA ctDNA 
25 8 .84692 6.2297 6.25434 6.39255 6.52689 6.82867 6 .43586 9.53364 9.25637 9.53907 
30 9 03566 6 . 1 8189 6.2844 6 .46767 6.50652 6.82813 6 .40408 9.29823 9 .31204 9.6134 
35 9 12654 6.25693 6 .34433 6.48818 6 .55518 6.88 173 6.44205 9. 17587 9.3928 9.74987 I 40 9 .2 1896 6.30578 6 .32157 6.62973 6.6263 1 6.8584 6 .43337 9 . 14 135 9.49207 9.78 146 r-45 9 26957 6 .35084 6.37415 6 .53178 6.59972 7.09521 6 .47666 9.29973 9.62435 9.92422 
9 .33469 6.43681 6 .44638 6.52791 6.72542 6.90434 6.06982 9.33592 9.59379 9.90885 
�5 9 45324 6 .53 197 6.48732 6.59622 6.80073 6.7334 1 5 .66548 9.09622 9.65781 9.86829 
60 9 .4 125 1 6 .59642 6 .35281 6.35679 6. 7843 6.30388 5.28886 9 .20974 9.6567 9.98572 
65 9 52577 6 . 1612  6.2 1524 6 . 1 1 194 6 .66148 6 .28675 4.87298 9. 16905 9 .81726 10.0182 
70 9 .56225 5.67447 5 .95029 5 .74399 6.47702 5.82476 4 .63389 9 . 18655 9.64704 10.0664 
S 9.6155 5 .39775 5 .52974 5 .61424 6.39386 5 .48545 4.41872 8.73642 8 .75715 9.45737 
I 80 9 .04836 5 .08418 5.47728 5 .27177 6 . 17968 5 . 1802 4.23255 8.02273 8.00807 8.567 I 85 7 .8953 1  4.61577 5 .0083 4.80938 6.01633 4.99031 3 .96698 7. 14 107 7 .35726 7.83814 � 
I 90 6.9055 1  4 .32637 4.74006 4.41339 5.82223 4.0781 3.89725 6.48002 7 .03529 7 .40917 
I 95 6 .50592 3 .9438 1 4 .23048 4 .02309 5 .56076 4. 10012 3 .78017 6.00635 6 .90327 7.02668 
I 98 6 .67465 4 2 1675 3 .9991 7  4. 1 105 5 .48618 4.04853 3 .87935 5 .92622 6.87869 6.89923 
I 
I 
206 
p pe n d i  1 1 . C D  ab orbance of GQ 0 at 293 nm in ab ence and presence of 
d i ff! rent concentrat ion of  Gd3+ ion and calcu l ated Rr and Rt I [Gd 3+ ] .  tak ing i nto account 
the d i l u t ion factor 
Molar I Addit ion 
rat io vol ume from M3+ conc. GQ DNA CD at 293 
Rtf [ M3+] [ M 3+j 5XlOl\-4 M M3+ ( M )  conc. ( M )  Rf n m  
DNA] ( ml )  
0.00 0 O .OOE +OO 4 .00E-06 8.96187 0 0 
0 . 2 5  0.002 9 .98E-07 3 . 9 9 E-06 8 . 69 2 1 9  0 . 347566 34826 1 . 2  
0 . 5 0  0.004 1 . 99 E-06 3.98 E -06 8. 52747 0 . 5 59859 2 8 1049 . 1  
0 . 7 5  0 .006 2 .98E-06 3 . 98 E·06 8 . 4279 1 0.688 1 7 3  2 30767 . 2  
1 .00 0 .008 3 . 9 7 E-06 3 .9 7 E -06 8 . 2 5 2 4 2  0.9 14346 2 304 1 5 . 1  
1 . 2 5  0.01 4 .9 5 E-06 3 . 9 6 E-06 8 . 2 2 7 2 2  0.946824 1 9 1 258.4 
1 . 50 0 . 0 1 2  5 . 9 3 E·06 3.95 E-06 8 . 29732 0.856478 144459.3 
1 . 7 5  0.014 6 . 90E-06 3 .94E-06 8 .45402 0. 6545 2 2  948 1 2 . 1 6  
2 . 2 5  0 . 0 1 8  8 . 84 E -06 3 .93 E-06 8 . 2 7996 0 .878852 99407 . 9 2  
2 . 7 5  0 . 0 2 2  1 .08E-05 3 . 9 I E ·06 8 . 23824 0 . 9 3 2 6 2 1  86648.97 
3 . 2 5  0 . 0 2 6  1 . 2 7 E-05 3 . 90E-06 8. 18596 1 789 2 3 . 08 
I 
207 
A p pen d i x  1 2 . D ab orbance of Q 0 at 293 nm in absence and presence of 
d i fferent concentrat i  n of DJ J ion and calcu lated Rr and Rtf [ 0) 31 .  tak i ng i n to account 
the d i I u t ion factor 
Molar  Add it ion 
rat io  volume from M3+ cone. GQ DNA CD at 293 
Rr/ [M3+] [ M 3+/ 5XlO"-4 M M3+ (M)  cone. ( M )  Rf n m  
DNA] ( m l )  
0 . 00 0 O .OOE +OO 4 . 00 E-06 9 . 14199 0 0 
r--0 . 2 5  0.002 9 .98 E-07 3 . 99 E -06 8. 78076 0 . 55 5047 5561 56.9 
0 . 5 0  0.004 1 . 99 E -06 3 . 98 E-06 8. 570 1 6  0.878644 441079 . 1  
0 . 7 5  0.006 2 . 98E-06 3 . 98E -06 8 . 5092 5  0 .972235 32602 2 . 7  
1 . 00 0.008 3.9 7 E -06 3 . 97 E-06 8 . 5 2303 0 .95 1061 239667.4 
- -'-
1 . 2 5  0 .01 4 . 9 5E-06 3.96 E-06 8. 5797 0.863985 174524.9 
1 . 50 0.012 5 . 9 3 E -06 3 . 9 5 E -06 8.4823 1 1 .0 1 3629 17096 5 . 5  
1 . 7 5  0 .014 6. 90E-06 3.94E-06 8 . 4 3044 1 .09333 1 58376.6 
-
2 . 2 5  0 .018 8.84E-06 3 .93E-06 8. 4809 2 1 .0157 65 1 14894.3 
2 . 7 5  0.022 1 .08E-05 3 . 9 1 E -06 8 . 5 1 1 2 8  0 .969 1 1 5  90039.63 
3 . 2 5  0.026 1 . 2 7 E-05 3 . 90E-06 8. 32752 1 . 2 5 1471 98769.96 
3 . 7 5  0 . 03 1 . 46 E-05 3 . 88E-06 8 . 4 9 1 1 8  1 68666. 67 
208 
A p pe n d i x  1 3 . D ab orbance of GQ D at 293 nm in absence and presence of 
d i ffer n t  concentrat ion f H03 ion and calcu lated Rr and Rtf [ Ho 3� ] .  tak i ng i nto account 
the d i l ut ion faclor 
Molar  Addit ion 
rat io  volume from M3+ conc. GQ DNA CD at 293 
Rf/ [M3+] [ M3+/ 5XlO"-4 M M3+ ( M )  cone. ( M )  Rf n m  
DNA] ( m l)  
0.00 0 O.OOE +OO 4 . 00 E-06 9.06256 0 0 
- -
0 . 2 5  0 . 002 9 . 98E-07 3 .99 E-06 9.00163 0 .093866 94053.27 
0.50 0.004 1 .99 E-06 3. 98E-06 8.82445 0.36682 184 14 3 . 5  
0 . 7 5  0 .006 2 . 98E-06 3 . 98E-06 8 .72926 0 . 5 1 3464 1 7 2 18 1 . 7 
1 . 00 0 . 008 3 . 97E -06 3 . 97 E-06 8.60755 0. 700964 176643 
--
1 . 2 5  0 .01 4 . 9 5E -06 3 . 96E-06 8. 5902 2 0.727662 146987.7  
1 . 50 0.012 5 .9 3E-06 3 .95E-06 8 . 59702 0 . 7 1 7186 1 20965.4 
1 . 7 5  0 .014 6 . 90E-06 3.94 E-06 8.69385 0 . 5680 1 5  8 2 2 8 1 .05 
2 . 2 5  0 .018 8 .84 E -06 3 . 9 3 E-06 8 . 5324 0 . 8 1 6737 9 2 381 .97 
2 . 7 5  0.022 1 .08E-05 3 . 9 1 E -06 8 . 53038 0.8 19848 7 6 1 7 1 . 37 
3 . 2 5 1 0.026 1 . 2 7 E-05 3 . 90E-06 8 . 4 1 344 1 789 2 3 . 08 
I 
I 
I 
I 
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ppe n d i  1 4 . 0 ab orbance of  GQ 0 at 293 nm i n  ab ence and pre en e of  
d i fferent  concentrat ion of  m3 ion  and  calcu l ated Rr and  Rf/ [ m 31 .  tak ing  i n to account 
the d i l u t ion fa tor 
Molar Add i t ion 
ratio volume from M3+ cone. GQ DNA CD at 293 
R,j [M3+] [ M3+/ 5XIO"'" M M3+ ( M )  cone. ( M )  Rr n m  
DNA] ( m l )  
0.00 0 O . OO E +OO 4 .00E-06 9 . 24937 0 0 
-
0 . 2 5  0 .002 9 . 98 E -07 3.99 E-06 8.58155 0 .629775 6 3 1 034.8 
0 . 50 0 .004 1 .99E-06 3 .98E-06 8 . 2 1 678 0.973765 488830 
0 . 7 5  0.006 2 . 98 E-06 3 . 98 E-06 8. 27679 0 . 9 1 7 1 74 307 558.9 
� 00 0 .008 3 . 9 7 E -06 3 .97 E-06 8 . 2 9 1 88 0 .902943 2 2 7 54 1 . 7  
1 . 2 5 0 . 0 1  4 . 9 5 E -06 3 .96E-06 8. 18612 1 . 002678 202541 
1 . 50 0 . 0 1 2  5 . 9 3 E-06 3 . 9 5 E-06 8 . 53 348 0.675 107 1 1 3868 
1 . 7 5  0 . 0 14 6.90E-06 3 . 94E-06 8 . 2 7 1 2 2  0 .922426 1 3 3620 
2 . 2 5  0.018 8 . 84 E-06 3 . 9 3 E-06 8. 29865 0.896559 101410.8 
2 . 75 0 . 0 2 2  1 .08E-05 3 . 9 1 E-06 8 . 2 9688 0.898228 834 5 3 . 5 5  
3 25 0.026 1 . 2 7 E-05 3 . 90E-06 8 . 2 949 0.90009 5  7 1038. 2 9  
3 . 7 5  I 0 . 03 1 .46E-05 3 .88 E-06 8. 18896 1 68666.67 
2 1 0  
pp n d i :\.  1 5 . D ab orbance of Q 01 at 293 nm i n  ab ence and pre ence of 
d i fferent  con entrat i  n of  Tb3+ ion and calcu l ated R, and R,f [Tb 3+ J .  tak ing  i n to account  
the d i lu t ion fa tor 
� 
Molar Addit ion 
ratio vol u me from M3+ cone. GQ DNA CD at 293 
Rd [M 3+] r 1\11 3+ / 5XlO"-4 M M3+ ( M )  cone. ( M )  Rf n m  
L DNA] ( m l )  
I 0 . 00 0 O.OOE +OO 4 .00E -06 9 . 00 1 88 0 0 
- -
2 5  0 .002 9 .98 E-07 3 . 9 9 E-06 8. 508 2 7  0. 50947 5 10488.7 
0 . 50 0.004 1 .99 E-06 3 . 98 E-06 8 .49838 0 . 5 19678 2 60878. 1 
0 . 7 5  0.006 2 .98 E-06 3 . 98 E-06 8 . 2 5 2 1 6  0 . 773809 2 59483.8 
00 0 . 008 3 . 97 E-06 3 .97 E-06 8 . 24 1 3  0.785018 197824.4 
-
1 . 2 5  0 . 0 1  4 . 9 5 E-06 3 . 96E-06 8. 26368 0 . 7 6 1 9 1 9  1 5 3907 . 5  
1 . 50 0 . 0 1 2  5 . 9 3 E -06 3 . 9 5 E-06 8 . 18595 0.842146 142042 
� 75 0 . 0 14 6.90E-06 3 . 94 E-06 8. 17284 0.855677 1 2 3 9 5 1  
2 . 2 5  0 .018 8 . 84 E -06 3 .93 E-06 9.07 1 7 3  9 . 363207 1059083 
2 . 7 5  0 .022 1 .08E-05 3 . 9 1 E-06 7 . 94464 1 .091209 1 0 1 3 8 3 . 3  
3 . 2 5  0.026 l . 2 7 E-05 3 . 90E-06 8_07169 0 . 960077 7 5772 . 2 5  
3 . 7 5  I 0.03 1 .4 6 E -05 3 . 88 E-06 8 . 1 6479 0.863986 59327.03 
4 2 5 
I 
0.034 1 . 64 E -05 3 .87 E-06 8 .03301 1 608 2 3 . 53 
2 1 1 
p p  n d h: 1 6 . 0 absorban e of Q 0 at 293 n l11 i n  absence and pre ence of 
d i fferent  concentrat ion of  e3 i n and  calcu lated Rr  and  Rtf [ e 3- ] .  tak i ng  i nto account 
the d i l u t i on factor 
Molar  Addit ion 
rat io volume from M3+ cone. GQ DNA CD at 293 
Rd [M 3+] [ M 3+j 5XlO"-4 M M3+ ( M )  cone. ( M )  n m  Rf 
D NA] (m l ) 
0.00 0 O.OOE +OO 4.00E -06 9. 2734 1 0 0 
r- 0 . 2 5  0.002 9 .98E-07 3.99 E-06 8. 9608 5 0 . 2 678 1 1  2 68347 
0 . 5 0  0 .004 1 . 99 E-06 3 .98E-06 8.57188 0 . 601093 301748.8 
0 . 7 5  0 .006 2 .98E-06 3.98E-06 9 . 03546 0 . 2 03883 68368.82 
1 .00 0.008 3 . 97 E-06 3 . 97 E-06 8 . 5 5308 0 . 6 1 7202 1 5 5534.8 
r---
1 . 2 5  0.01 4.95E-06 3 . 96E-06 8. 83941 0.37 1865 7 5 1 16.74 
1 . 50 0 . 0 1 2  5 . 93 E-06 3 . 9 5 E -06 8 .34277 0. 797402 1 3449 5 . 2  
1 . 7 5  0 . 0 14 6 . 90E-06 3 .94E-06 8 .4 5067 0. 70495 102 1 1 7 
--
2 . 2 5  0.018 8 .84 E-06 3 . 9 3 E-06 8 . 2 7208 0 . 857972 97046. 1 1  
2 . 7 5  0 .022 1 . 08E-05 3 . 9 1 E-06 8. 1 5509 0. 9582 1 2  8902 6 . 63 
3 . 2 5  0.026 1 . 2 7 E-05 3 . 90E-06 8 . 1799 0 . 9 36954 7 3947. 32 
3 . 7 5  0.03 1 . 46E-05 3 . 88E-06 8. 10632 1 68666.67 
I 
I 
2 1 2  
A ppen d i .x 1 7. 0 ab orbance of  GQ D at 293 nm i n  absence and presence of 
d i fferent  conccntrat i  n of  Rh � ion and ca lcu l ated Rr  and Rtl [ Rh J+] ,  taking i nto account 
" I l ion factor 
----,.- --Molar  I Addit ion ratio vol ume from M3+ conc. GQ DNA CD at 293 Rr/ [M3+] , 5XlO"-4 M M3+ conc. ( M )  Rf ( M )  n m  
DNA] ( m l )  
0 . 00 0 O .OO E +OO 4 .00E-06 9 . 1 2 1 1 9  0 0 
0.002 9 . 98E-07 3 . 99 E-06 8. 73569 0.404474 405282.8 
0 .50 0.004 L99 E -06 3 .98E-06 8 . 6 1 2 6 6  0 . 5 33559 2 67846.8 
0 .75 0 .006 2 . 98E-06 3 .98 E-06 9 . 1 1082 0.01088 3648.561 
1 2 5-� 0 . 008 3 .97 E-06 3 . 9 7 E -06 8 .47622 0.676715 1 7053 2 . 1  -t--0.01 4 . 9 5 E-06 3 . 9 6 E-06 8 .43871 0 . 7 16071 14464 6 . 3  
1 . 50 0 . 0 1 2  5 . 9 3 E -06 3 . 9 5 E -06 8.39053 0.766622 1 29303.6 
l l . 75 0.014 6.90E-06 3 . 94 E-06 8. 1 9838 0.96823 140255 
I 2 . 2 5 0.018 8 .84E-06 3 . 9 3 E -06 8 . 23709 0 .927614 10492 3 . 5  
I 2 . 7 5  0 .022 L08E-05 3 . 9 1 E-06 8 . 2 9 1 7 6  0. 8702 54 80854.47 
3 2 5 0.026 L 2 7 E-05 3 . 90E-06 8 . 1681 1 78923 .08 
I I 
2 1 3  
A p pe n d i x  1 8 . 0 ab orbance of  GQ 0 at 293 nm i n  ab ence and presence of 
d i fferent concentrat ion of u3+ ion and calcu lated Rf and Rtf [ u 3+ ] ,  tak ing  i nto account 
the d i l u t ion factor 
Mol� Addit ion 
rat io vo l u me from 
[M 3+j 5XlO"-4 M M3+ MNAJ ( m l )  0 . 00 0 
� -- --
0 . 2 5  0.002 
0 . 50 0.004 
-
0 . 7 5  0 .006 
1 . 00 0 . 008 
--
h 2 5  0.01 1 . 50 0 . 0 1 2  [; 7 5  0.014 
2 . 2 5  0 .018 
2 . 7 5  0 .022 
3 . 2 5  I 0.026 I 
3 . 7 5  0 .03 
M3+ conc. GQ DNA CD at 293 
Rf Rtf [ M3+] ( M )  conc. ( M )  n m  
O.OOE +OO 4. 00E-06 8. 6045 0 0 
9 .98E-07 3.99 E-06 8 . 2 7 1 5 6  0.309 1 3 1  309749 
1 . 99 E-06 3 .98E-06 8.00958 0.552376 2 7 7 2 9 2 . 8  
2 .98 E-06 3.98 E-06 7 . 8 2 2 5 6  0.726022 24345 9 . 3  
3 .97 E-06 3 .97 E-06 8. 24486 0.3 3392 1 84 148 . 19 
4 .95E-06 3 . 9 6 E -06 7 .9 333 0 .62 3201 1 2 5886. 6  
5 . 9 3 E -06 3 . 9 5 E-06 7 . 8844 1 0. 668595 1 1 2769.7 
6.90 E-06 3 . 94 E-06 7 .43199 1 .0886 6 1  1 57700.4 
8 . 84E-06 3 . 9 3 E-06 7.49163 1 .033286 1 1 6876.2  
1 .08E-05 3 . 9 1 E-06 7 . 57688 0.954133 88647.6  
1 . 2 7 E -05 3 .90E-06 7 . 66932 0 .868303 68529. 1 7  
1 .46 E-05 3 . 88E-06 7 . 52748 1 68666. 67 
I 
I 
I 
2 1 4  
A p p  n d i x  1 9. 0 ab orbance of  GQ 0 A at 293 nm i n  absence and pre ence of 
d i fferent concentrat ion of  3+ i on  and  ca lcu lated Rr  and  Rtf [0 3+ ] ,  tak i ng i nto account 
t '  d i l u t ion factor 
-
Molar  Addit ion 
rat io vol ume from M3+ cone. GQ DNA CD at 293 
Rtf [M3+J \11 3+/ 5XIoA-4 M M3+ ( M )  cone. ( M )  Rf n m  j%NAJ ( m l )  
0.00 0 O.OOE+OO 4 .00E-06 9 . 94656 0 0 
u . 2 5  0 .002 9 . 98 E-07 3.99 E -06 9 . 70538 0 . 5 83378 584544.4 
0 . 50 0 .004 1 . 99 E-06 3 .98E-06 9 . 585 0.874559 439028.4 
I 0 . 7 5  0.006 2 .98E-06 3 . 9 8 E -06 9 . 56418 0 .924919 3 10 1 5 6 . 2 
0 0 .008 3 . 9 7 E-06 3 . 9 7 E -06 9 . 6386 0 . 744908 1877 1 6 . 9  
1 . 2 5  0 . 0 1  4 . 9 5 E-06 3 . 96 E-06 9 . 78532 0 . 3900 1 5  78783.03 
1 . 50 0.012 5 . 9 3 E-06 3 . 9 5 E-06 9 . 72448 0.537 1 78 90603 .97 
1 . 75 0 .014 6 . 90 E-06 3 . 94 E-06 9 . 5 1 2 3 3  1 .050336 1 5 2 148.7 
2 . 00 0 . 0 1 6  7 . 8 7 E-06 3 . 94E-06 9. 97098 -0.05907 -7501.67 
2 . 2 5  I 0.018 8.84E-06 3 . 9 3 E-06 9 . 6 1 954 0.791012 894 7 2 . 2  
2 50 0.02 9 . 80E-06 3 . 9 2 E-06 9 . 57166 0. 906826 92496.25 
2 . 7 5  I 0 . 0 2 2  1 .08E-05 3 . 9 1 E-06 9 . 8 9 9 1 2  0 . 1 14 7 5  1066 1 . 33 
3 . 00 
I 
0.024 1 . 1 7 E -05 3 . 9 1 E-06 9 . 64554 0 . 7 2 8 1 2 2  6 2 1 3 3 . 04 
3 . 2 5  I 0 .026 1 . 2 7 E-05 3 . 90E-06 9 . 35825 1 .4 2 3032 1 1 2 3 1 0 . 1  
3 . 50 0 .028 1 . 3 6 E-05 3 .89E-06 9 . 36723 1 .40 1 3 1 1  102896.3 
3 . 7 5  I 0.03 1 .46 E-05 3 . 88E -06 9 . 90558 0. 099 1 24 6806 . 54 1  
I 
4 2 5  I 0 . 034 1 . 64 E -05 3 . 87 E-06 9 . 7 77 1 2  0.40985 24928.5  
4 .50 
I 
0.036 1 . 74 E -05 3 .86E-06 9 . 53314 1 57555 . 56 
2 I S  
p pc n d i x  20 .  C O  absorbance of GQ 0 at 293 nm in ab ence and eq u i molar rat io  [ 
, 
I [ )  ] of  4 1 06M upon i ncreas ing  i n  temp ratu re between 25- 98 DC 
I T (DC) GQ  Gd-GQ Sm-GQ Tb-GQ Dy-GQ Ho-GQ Ce-GQ Rh-GQ Os-GQ Au-GQ DNA DNA I DNA DNA DNA DNA DNA DNA DNA DNA 
2 5  I 9 . 7 7798 10.8461 I 10. 1674 I 9.0963 9.95998 9.67532 9.52656 10.3663 1 1 . 7995 9 . 34337 I 30 9.48339 10.7251 9.93731 I 9.02778 9 88977 9.52897 9.3982 10. 1 6 2 1  1 1 .6759 9.28423 I 
3 5  9.08029 10. 5 1 1 9  9.87445 8.56429 9 . 69809 9.30646 9.2 7732 9.80 101 1 1 .3984 8.87036 
40 8 80789 10. 2 109 9.60977 I 8.43469 9.42984 8.91 781 8.82701 9.5778 1 1 .0566 8.47612 
45 8. 19093 9.87529 9.27918 8.08332 8.85651 8.52591 8.39301 9 . 14675 10.4881 7.91594 
50 7.75627 9.36221 8.74 1 9 1  7.70 1 2 5  8.43779 8 . 1 5 2 19 8.05307 8.80861 9.746 7.42737 
5 5  7 . 1 2 4 7  8.71416 8.24321 7 06879 7.92904 7.78 2 1 7  7 . 36908 8.32889 9.08359 6.93175 
60 6.47527 8.05238 7.69008 6.38122 7. 39595 7 . 1 5 1 7  6.87766 7.62608 8.09343 6.30096 
65 I 5 . 54646 6.92253 6.5721 5.45708 6.48168 6.64 1 1 5  5.93818 6.83581 6.8 1 5 5 1  5 . 1 6468 
70 I 4 02 9 1  5.41 394 5 . 2 1 578 4.22428 5 . 1 7973 5.30596 4.89258 5.57307 5.407 1 1  3.93157 
7 5  2 66196 3 . 6443 I 3.66922 2 . 7 7 1 59 3.7956 3.8294 1 3. 57055 4. 14085 3.83758 2 . 38726 
80 1 . 3 1794 2.47 558 2 . 27524 1 . 36488 2.35925 2.35154 2.0 1 2 14 2.8345 2.33581 1 . 2 1 102 
85 0. 56078 1 . 5 3 9 1 2  1 .47897 0.386637 1 . 35 188 1 07284 0.823977 1. 73299 1 . 2 3 7 1 7  0.307545 
90 0. 1 69633 1 .35436 ' 0.988375 -0.003 3 1 1  0.495655 0.45934 1 -0.1820 1 1  0.985299 0. 706084 -0.240959 
L 9 5  -0.01057 1 . 10613 0.73237 0. 148509 0. 198362 0. 148509 -0.2924 7 1  0.668879 0.60632 -0.327964 
98 -0.074 2 2  1 . 2 5283 I 0.843619 I 0. 10356 0.0750534 0.0959143 -0.447802 0.909577 0.632249 -0.306618 I 
I 
I 
2 1 6  
p pe n d i x  2 1 .  C D  ab rbance of random co i l  D at 265 nm i n  absence and presence 
o f  di fferent concentrat ion of d3� ion and calcu lated Rr and Rtf [Gd 3+ ] .  tak ing  i n to 
account  the d i l ut ion factor 
Addit ion 
Molar  volume 
rat io  from MH conc. Ra ndom CD at 265 tJ. CD at 
[ M3+/ 5 X 10"-4 ( M )  coi l  D N A  265 Rf Rtf [M
3+] 
conc. ( M )  n m  D NA] M M3+ 
( m l)  
0 .00 0 O.OOE +OO 3.94E-06 0.344664 0 0 0 
--
0 . 2 5  0 .002 9.98 E-07 3 .94 E-06 -0. 626389 0 . 9 7 1053 0.359195 184 2 67 . 1  
0 . 5 1  0.004 1 .99E-06 3 . 9 3 E-06 - 1 .72641 2 . 07 1074 0 . 766096 196886.6 
J.76 0.006 2 . 98 E-06 3 . 9 2 E-06 - 1 .95834 2 . 303004 0.8 51887 146240.6 
1 .0 1  0 . 008 3 . 97 E-06 3 . 9 I E-06 - 2 . 2 7 2 7  2 . 6 17364 0.968 1 7  124893.9 
r---
1 . 2 7  0 .01 4 . 95 E-06 3 . 90 E-06 - 2 . 3 1208 2 .6 56744 0.982737 1 0 1 6 1 5  
1 . 5 2  0 .012 5 . 9 3 E-06 3.90E-06 - 2 . 36 146 2 . 706 1 2 4  1 .001002 864 19.88 
1 . 7 7  0.014 6 . 90 E-06 3 . 8 9 E -06 - 1 . 887 5 1  2 . 2 32 1 74 0.825687 6 1 2 1 8 . 8  
2 .03 0 . 0 1 6  7 .87E-06 3.88 E-06 - 2 . 30894 2 . 653604 0.981575 63802 . 38 
2 . 2 8  0.018 8 .84E-06 3 . 8 7 E-06 - 2 . 35875 2 . 7034 14 1 57888.89 
I 
2 1 7  
ppcn d h: 2 2 .  0 absorbance of random co i l  0 at 265 nm i n  absence and pre ence 
or d i fferent concentrat ion of oi+ ion and ca l cu lated Rr and Rr / [ Dy 3+ ] .  tak i ng i nto 
account the d i l u t i on factor 
Add it ion I 
Molar vol ume 
rat io from M3+ conc. Random CD at 265 fl CD at 
[ M 3+j 5 X 10"-4 ( M )  coi l  DNA 265 RI Rd [M
3+) 
cone. ( M )  n m  DNA) M M3+ 
( m l) 
0 .00 0 O .OOE +OO 3 . 94 E-06 0 . 1 6 1 5 7 2  0 0 0 
f-0 . 2 5  0 .002 9 . 98 E-07 3 . 94 E-06 -0.62667 0.78824 0 . 3 20 2 1 9  320859.9 
0 . 5 1  0.004 1 . 99 E-06 3 . 9 3 E-06 - 1 . 2 1 3 7 1  1 . 375282 0 . 5 58703 280468.9 
0 . 7 6  0.006 2 .98 E-06 3 . 9 2 E-06 - 1 . 6 9 1 64 1 . 8 5 3 2 1 2  0.75286 252459 . 1  
1 .0 1  0 .008 3 . 9 7E-06 3 . 9 1 E-06 - 2 . 3 208 2 . 482372 1 . 0084 54 2 54 1 30 . 4  
-- --
1 . 2 7  0.01 4 . 9 5 E-06 3.90 E-06 - 2 . 39409 2 . 5 55662 1 .0382 2 8  209722 
1 . 7 7  0 . 0 1 4  6.90E-06 3.89 E-06 - 2 . 39409 2 . 555662 1 .038228 1 50394 . 7  
2 . 2 8  0 .018 8 .84 E-06 3 . 87 E-06 - 2 . 2 9999 2 .461562 1 1 1 3 1 1 1 . 1  
I 
I 
2 1 8  
ppe n d i x  23 . C O  ab orbance of random coi l  0 at 265 nm i n  ab ence and presence 
of d i fferen t  concentrat ion of m)+ ion and calcu lated RI and Rr / [ m '+] .  tak ing  i nto 
l l int the d i l ut ion factor 
Addit ion 
Molar  vol ume 
from M3+ cone. Ra ndom CD at 265 fj. CD at L 10 
Rtf [ M3+] [ M3+/ 
l 
5XIOA-4 ( M )  coi l  DNA 265 Rf cone. ( M )  n m  DNA] M M3+ 
(m l )  
001 0 O.OOE +OO 3 . 94 E -06 0.701814 0 0 0 
0 . 2 5  I 0.002 9. 98E-07 3 . 94 E-06 -0. 786909 1 .488723 0 . 479843 480802 . 2  
I 
0 . 5 1  0. 004 1 . 99 E-06 3 . 9 3 E -06 - 1 .40138 2 . 103 1 94 0 . 677898 340304.7 
76 0.006 2 .98 E -06 3 . 9 2 E-06 - 1. 7 5 3 33 2 .455 144 0.79 1 3 38 26536 1 . 9  
t-- 1 . 0 1  0 .008 3 . 97 E-06 3 . 9 1 E -06 - 2 . 2 3482 2 . 936634 0.9465 3 1  238525. 7 
1 . 2 7  0 . 0 1  4 . 9 5 E -06 3 . 90E-06 - 2 . 3 1 7 1 3 3 . 0 18944 0 . 9 7 3061 196558.2 
1 . 52 0 .012 5 . 9 3 E-06 3 . 90 E-06 - 2 . 5 2541 3 . 2 2 7 2 24 1 .040 193 175445.9 
1 . 7 7  0 . 0 14 6.90E-06 3.89E-06 - 2 . 34459 3 . 046404 0 .981912 1 4 2 2 3 6.9 
2 . 2 8  0.018 8.84E-06 3 .87E-06 - 2 . 2 7786 2 . 979674 0 .960403 108632.3  
2 . 79 0.022 1 . 08 E -05 3 . 86 E -06 - 2 . 65422 3 . 356034 1 .0 8 1 7 1 1  100500.8 
3 . 30 0 . 026 1 . 2 7 E -05 3 .84 E-06 -2 . 40071 3 . 102524 1 789 2 3 . 08 
I 
I 
I 
I 
2 1 9  
A p pe n d i x  24.  0 ab orbance of random co i l  0 A at 26 � nm i n  ab ence and presence 
of d i fferent concentrat ion of H03 i n and ca lcu lated Rr and Rr / [ Ho 3+] ,  tak ing  i nto 
al count the d i l u t ion factor 
Molar Addit ion I 
ratio volume M3+ conc.  Ra ndom CD at 265 
[ M 3+j from ( M )  
coi l  DNA t:. CD at Rf Rr/ [ M3+] 
5XIOA-4 M conc. ( M )  n m  265 DNA] 
M 3+ ( ml )  
0 .00 0 O.OOE +OO 3 . 94 E-06 0 . 9 1 3872 0 0 0 
0 . 2 5  0 . 002 9. 98E-07 3.94 E-06 0.0792814 0 . 9 1 3872 0. 2464 6 2  246955.2  
0 . 5 1  0 .004 1 . 99 E-06 3 .93 E-06 -0. 6 1 6855 1 . 5307 27 0 . 4 52038 2 2 6 9 2 2 . 9  
0 . 7 6  0 .006 2 . 98E-06 3 . 9 2 E-06 - 1 . 1 2 635 2 . 0402 2 2  0.602496 20203 7 . 1  
1 . 0 1  0 .008 3 .97 E-06 3 . 9 1 E-06 - 1 . 07434 1 . 988 2 1 2  0 .587137 147958.6 
1 . 2 7  0.01 4 . 9 5E-06 3 . 90E-06 - 1 . 5 5 1 23 2 . 465102 0 . 7 27967 147049.4 
1 . 5 2  0 . 0 1 2  5 . 9 3 E-06 3 .90E-06 - 1 . 56403 2 . 477902 0 .73 1747 1 2 34 2 1 . 3  
1 . 7 7  0 . 0 1 4  6.90E-06 3 . 89 E-06 - 1 . 9 1853 2 . 832402 0.836434 1 2 1 1 6 3 . 5  
2 .03 0.016 7 . 8 7 E-06 3.88 E-06 - 2 . 2 3 2 2 9  3 . 1 4 6 1 62 0 . 9 2909 1 17994.5 
2 . 2 8  0 . 0 1 8  8 . 84 E -06 3 .87 E-06 - 2 . 14472 3 . 058592 0.903 2 3  1 0 2 1 6 5 . 4  
2 . 7 9  0 . 0 2 2  1 . 08E-05 3 . 8 6 E-06 - 2 .49885 3 . 4 1 2 7 2 2  1 .007808 93634.52 
3 . 30 0 . 0 2 6  1 . 2 7 E-05 3 .84E-06 - 2 . 50376 3 . 4 1 76 3 2  1 . 0092 58 7965 3 . 74 
3 . 80 0 . 03 1 .4 6 E -05 3 . 8 3 E-06 - 2 . 4 9 1 2 3 3 .405 1 02 1 . 005558 6904 8 , 3  
4 . 3 1  0.034 1 . 64E-05 1 3 , 8 I E-06 i - 2 . 4 7 2 4 1  3 . 386282 1 6082 3 . 5 3  
220 
p pe n d i  25. 0 ab orbance of random co i l  0 at 265 nm in ab ence and pre ence 
of  d i fferent oncen trat ion r Tb� ion and calcu lated Rr and Rr / [Tb 3J,  tak ing  i nto 
accoun t  the d i l ut ion factor 
Mola r Addit ion I 
rat io volume M3+ cone. Ra ndom CD at 265 
[ M 3+j from { M }  coi l  DNA II CD at Rf Rd [ M
3+] 
5Xl0�-4 M conc. { M }  n m  265 DNA] 
M3+ { ml )  
0 .00 0 O.OOE +OO 3.94 E-06 0.779481 0 0 0 
0 . 2 5  0.002 9 . 98E-07 3 . 94 E-06 -0.39246 1 . 1 7 194 0 . 4 5 1 3 1  4 5 2 2 1 2 .7 
0 . 5 1  0.004 1 . 99 E-06 3 . 9 3 E-06 -0. 6 1 3 3 5  1 . 392832 0 . 5 36375 2 69260.2 
-
0 . 7 6  0.006 2 . 98E-06 3 . 9 2 E-06 -0. 7073 1  1 .486786 0 . 57 2 5 5 6  1 9 1 997.2  
1 .0 1  0.008 3 . 9 7 E-06 3 . 9 1 E-06 -0. 8877 1 . 667179 0.642025 1 6 1 790.3 
1 . 2 7  0.01 4 . 9 5 E -06 3 . 90E-06 - 1 . 10967 1.889 1 5 1  0 . 7 2 7506 146956. 1 
1 . 5 2  0 . 0 1 2  5 . 9 3E-06 3 .90E-06 - 1 . 1 9 1 63 1 . 97 1 1 1 1  0 . 7 59068 1 2802 9 . 5  
1 . 7 7  0 . 0 1 4  6.90E-06 3 .89 E-06 - 1 . 5 1 2 2  2 . 2 9 1 681 0.882 5 1 9  1 27839.1  
2 .03 0.016 7. 87 E-06 3.88 E-06 - 1 . 7 14 7 3  2 . 494 2 1 1  0. 9 605 1 2  1 2 1985 
2 . 2 8  0.018 8.84E-06 3.87 E-06 - 1 . 86381 2 . 643 2 9 1  1 .0 1 7 9 2 2  1 1 5 1 38.3 
2 . 54 0.02 9.80E-06 3.87 E-06 - 1 .80309 2 . 58 2 5 7 1  0.994539 101443 
3 . 3 0  0 . 0 2 6  1 . 2 7 E -05 3 . 84 E-06 - 1 . 8 1 7 2 7  2 . 5967 5 1  1 7892 3 . 08 
.1 
A p pe n d i x 26.  0 ab orbance of random co i l  0 at 265 nm i n  ab ence and pre ence 
of d l l  ferent concentrat ion of C 3� ion and ca lcu lated Rr and Rr / [Ce 3+ ] ,  tak ing  i nto 
:tCCOLl l1t the d i l u t ion factor 
--r 
Mola r Addit ion I rat io  volume M3+ conc. Ra ndom CD at 2 6 5  
[ M 3+/ from ( M )  c o i l  DNA I!l CD at Rf Rtf [M
3+] 
5 X 1 0A-4 M conc. ( M )  n m  2 65 DNA] 
M3+ ( m l)  
0.00 0 O.OO E +OO 3.94 E-06 0.424142 0 0 0 
0 . 2 5  0.002 9. 98E-07 3.94E-06 -0.649 1 3  1 .073269 0.467453 468388 . 2  
0 . 5 1  0 .004 1 . 99 E-06 3.93 E-06 - 1 . 0394 1 1 . 463552 0.637438 3 1 9993.8 
--- - --
0 . 7 6  0.006 2 . 98E-06 3 . 9 2 E-06 - 1 .42846 1 .8 5 2 602 0 .806885 27057 5 . 5  
1 . 0 1  0 .008 3 . 9 7 E-06 3 . 9 1 E-06 - 1 . 66748 2 . 091622 0 . 9 10988 2 29569 . 1  
1 . 2 7  0.01 4 .95 E-06 3.90E- 06 - 1 .74032 2 . 1 64462 0.9427 1 3  1904 2 8 . 1  
1 . 5 2  0.012 S . 9 3 E -06 3.90 E-06 - 1 . 64 2 5 3  2 . 066672 0.900 1 2 2  1 5 1 820.5 
1 . 7 7  0.014 6.90E-06 3 . 89 E-06 - 1 .87236 2 . 2 96502 1 .000 2 2 2  1 44889.3  
2 . 0 3  0 . 0 1 6  7 .87 E-06 3.88 E-06 - 1 . 70065 2 . 1 24792 0 . 9 2 54 3 5  1 17530.3 
2 . 28 0.018 8 .84 E -06 3 .87 E-06 - 1 . 6 16 7 1  2 . 040852 0. 888876 
I 
10054 1 . 7  
2 . 54 0.02 9 . 80E-06 3 . 8 7 E-06 - 1 . 7 4 1 5  2 . 165642 0.943 2 2 7  96209. 17 
3 . 30 0.026 1 . 27 E-05 3.84 E -06 - 1 . 79008 2 . 2 14 2 2 2  0.964386 761 1 2 . 2 9  
1 
4 06 I 0.032 1 . S 5 E-05 3 .82 E-06 - 1 .87 185 2 . 2 9 5992 1 64 500 
, 
I 
l 
I 
222 
A p pe n d i x 27. 0 absorbance of random coi l 0 at 265 nm in ab ence and pre ence 
o f  d i fferent concentrat i on of u3+ ion and ca lcu lated Rr and Rr / [ u 3+ ] .  tak i ng  i nto 
/ Ill  the d i l ut ion factor 
olar  Addit ion I 
rat io volume M3+ cone. Ra ndom CD at 265 
/ from ( M )  c o i l  DNA Il CD at Rf Rtf [ M
3+] 
5XlO'-4 M cone. ( M )  n m  265 DNA] 1 M3+ (m l )  
0 . 00 0 0 3 . 94 E-06 0 . 7 78984 0 0 ' 0 
0 2 5 0 .002 9.98 E-07 3 . 94 E-06 -0.833038 1 . 6 1 2022 0. 655596 6 56907.4 
0 . 5 1  0 .004 1 . 99 E-06 3 . 9 3 E-06 - 1 . 08882 1 .867804 0.7596 2 1  381329.6 
--'--
0 76 0 .006 2 . 98E -06 3 . 9 2 E-06 - 1 . 2 7 598 2 .054964 0 . 835737 280250.5 
1 .0 1  0 .008 3 . 97 E-06 3 . 9 1 E-06 - 1 . 50856 2 . 287 544 0 .930326 2 3444 2 
1 . 2 7  0.01 4 . 9 5 E -06 3 . 9 E-06 - 1 .46162 2 . 240604 0.9 1 1 2 3 5  1 84069 . 6  
1 5 2 0 . 0 1 2  5 . 9 3 E-06 3 . 9 E-06 - 1 . 50047 2 . 279454 0.9 27035 1 5 6 360 
I 
1 . 7 7  I 0.014 6. 9 E-06 3 . 89 E-06 - 1 . 57769 2 . 3 56674 0. 9 5844 1 1 38836.9 
I 
2 . 0 3  I 0 . 0 1 6  7 . 87E-06 3.88E-06 - 1 . 69406 2 . 473044 1 .005767 1 1 2 7732.4 
I 
2 . 2 8  i 0.018 8.84E-06 3 . 87 E-06 - 1 . 69406 2 . 473044 1 .005767 I 1 1 3763.4 
2 . 54 I 0.02 9 . 8 E -06 3.87 E-06 - 1 . 6972 2 2 .47 6204 1 .0070 52 102 7 1 9 . 3  
3 . 30 0 . 0 2 6  1 . 2 7 E-05 3 . 84 E-06 - 1 . 74 2 1 6  2 . 5 2 1 1 44 1 .025329 809 2 2 . 1  
4 .06 0 . 0 3 2  1 . 5 5 E-05 3 . 8 2 E-06 - 1 . 67988 2 . 4 58864 1 1 64500 
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A p pen d i x  28.  V absorbance of random co i l  at 260 nm in absence and presence of 
d i fferent concentrat ion of Rh3+ ion and ca lcu lated 1 /  [ - 0]  and ] /[ R h 3l. tak i ng  i nto 
()l In t  the d i l ut ion factor 
!Molar , Addit ion M3+ Ra ndom rat io volu me from UV at 260 
H 3+/ SXlO"-4 M cone. 
coi l  DNA A-Ao 1/ [A-Ao) 
( M )  cone. (M)  
nm 
UNA) M3+ ( ml )  1/[ Rh3+)  
0.00 0 O.OOE+OO 3 . 94 E-06 0.8932 2  0.00000 0 .00 0.00 
1002000.0 
0 . 2 5  0.002 9 .98E -07 3 . 94 E-06 0.89434 0.00 1 1 2  8 9 2 . 86 0 
0 . 5 1  0.004 1 . 99E-06 3 . 93 E-06 0 . 89999 0.00677 147 . 7 1  502000.00 
0 7 6 0.006 2 .98E -06 3 . 9 2 E-06 0.90661 0.0 1 3 39 74.68 3 3 5 3 3 3 . 3 3  
1 . 0 1  0. 008 3 . 9 7E -06 3 . 9 1 E-06 0 . 90349 0.01027 97.37 2 5 2 000.00 
1 . 2 7  0 .01 4 . 9 5 E -06 3 . 90E-06 0.9 102 1 0.0 1699 58.86 202000.00 
1 . 90 0 .015 7 . 3 9 E-06 3 .89E-06 0 . 9 1 5 3 5  0.02 2 1 3  45. 19 1 3 5 3 3 3 . 3 3  
2 . 54 0.02 9. 80E-06 3.87 E-06 0 . 9 1 59 3  0 . 0 2 2 7 1  44.03 102000.00 
3 . 8 0  0 . 0 3  1 . 46 E-05 3 . 83 E-06 0.9 1669 0.02347 4 2 . 6 1  68666.67 
5 .07 0.04 1 . 9 2 E-05 3.79 E-06 0.92539 0.032 17 3 1 .08 5 2000.00 
6 . 3 4  0.05 2 . 38E-05 3 .76 E-06 0 . 9 1 9 3 3  0 . 0 2 6 1 1  38.30 4 2000 . 00 
I 
1 2 .68 0.1 I 4 . 55 E -05 3 . 5 9 E -06 0 . 9 2942 0.03620 2 7 . 6 2  2 2000.00 
1 7 . 7 5  0 . 1 4  I 6 . 1 4 E-05 3 .46 E-06 0 . 92479 0 .03157 3 1 . 68 1 6 2 8 5 . 7 1  
2 2 . 8 2  0 . 1 8  7 . 6 3 E-05 3 . 34 E -06 0. 92876 0 . 03554 2 8 . 14 1 3 1 1 1 . 1 1  
, 
2 7 .89 I 0 . 2 2  I 9 .02 E-05 3 . 2 3 E-06 0.9 3488 0.04 1 66 24.00 1 1 090.91 
3 2 . 9 6  0 . 2 6  1 .03E-04 3 . 1 3 E-06 0 . 94204 0 .04882 20.48 9692 . 3 1  
3 5 . 50 I 0 . 2 8  I 1 .09E-04 3 .08E-06 0.93829 0.04 507 2 2 . 19 9 14 2 .86 
38.03 0.3 1 . 1 5 E-04 3.03E-06 0 . 9 3944 0.04622 2 1 . 64 8666.67 
4 4 . 3 7  0 . 3 5  1 . 30E-04 2 .9 2 E-06 0 .95204 0. 05882 1 7 .00 7 7 1 4 . 2 9  
50.7 1 0 . 4  1 . 4 3 E-04 2 . 8 2 E-06 0 .95444 0.06 1 2 2  16.33 7000.00 
I 
ppe n d i  29. V absorbance of random co i l  at 260 nm i n  absence and pre ence of 
d i fferent  concentrat ion of 0 3+ ion and calcu l ated 1/  [ - 0 ]  and 1 /[0 3+] . tak i ng  i nto 
account  the d i l ut ion factor 
M olar  Addit ion Random rat io volume M3+ cone. coi l  DNA U V at 260 A-Ao 1/ [A-Ao] 1/[Os3+ ] [ M3+/ from 5XI0h- ( M )  cone. ( M )  n m  D N A ]  4 M M3+ ( m l )  
0.00 0 O.OOE+OO 3 . 94 E-06 0. 87984 0.00000 0.00 0.00 
0 . 2 5  0 .002 9 . 98 E-07 3 . 94 E-06 0.87962 0.00 1 1 2  892 . 86 1002000.00 
0 . 5 1  0. 004 1 . 99 E-06 3 .93 E-06 0.88166 0.00677 1 47 . 7 1  502000.00 
0 . 7 6  0.006 2 . 98E -06 3 . 9 2 E-06 0.88 0.01339 74.68 3 35333.33 
. 0 1 0.008 3 . 97E-06 3 . 9 1 E-06 0. 88104 0.01027 97.37 2 52000.00 
1 . 2 7  0.01 4 . 9 5 E-06 3 . 90E-06 0. 88405 0.01699 58.86 2 02000.00 
1 . 7 7  0 .014 6 . 90E-06 3 . 89 E-06 0. 88592 0.02 2 1 3  4 5 . 19 1 35 3 3 3 . 3 3  
2 . 54 0.02 9 . 80 E-06 3.87 E-06 0.8857 0.02 2 7 1  44.03 102000.00 
3 .80 0.03 1 . 46E-05 3 . 8 3 E-06 0.89183 0.02347 4 2 . 6 1  68666.67 
5 .07 0.04 1 . 9 2 E-05 3 . 7 9 E- 06 0.90064 0.032 17 3 1 .08 52000.00 
7 . 6 1  0.06 2 . 83 E-OS 3 . 7 2 E-06 0 . 9 1 197 0.02 6 1 1 3 8 . 30 4 2 000.00 
10. 14 0.08 3 . 70E-OS 3 . 6 5 E-06 0 . 9 1 9 2 5  0.03620 2 7 . 62 2 2000.00 
1 2 . 68 0 . 1  4 . 5 S E-05 3 . 59 E-06 0.92997 0.03 1 5 7  3 1 .68 1 6 2 8 5 . 7 1  
1 9.02 0 . 1 5  6 . S 2 E-OS 3 . 4 3 E-06 0 .9542 0.03554 2 8 . 14 1 3 1 1 1 . 1 1  
2 5 . 35 0 . 2  8 . 3 3 E-OS I 3 . 2 9 E-06 0.9765 0.04 1 6 6  2 4 .00 1 1090. 9 1  
38.03 0 . 3  1 . 1 S E-04 3.03 E-06 1 .0146 0.04882 2 0 . 48 9692 . 3 1  
f---- -L P3 E-04 5 0 . 7 1  0 .4 2 . 8 2 E -06 1 .039 0.04507 2 2 . 1 9 9 142 .86 I 
ppe n d i '  30. D ab orbance of random D at 295 nm i n  absence and equ imolar  rat io 
[ Gd 3 D \ ] of4  1 06M upon i nc reas ing  in temperature between 25- 90 o  
T (0C) Random Gd-random 
coi l  DNA coi l  DNA 
2 5  3 .9 2 2 8 2  3 . 5 6 2 1  
3 0  2 . 34667 2 .86867 
35 1 .47988 2 . 1 5495 
40 1 .05584 1 .4 2 3 7 1  
4 5  0.740507 0.92241 
50 0 .483598 0 . 5 17023 
55 0.452073 0. 337737 
60 0 . 2 5 2 1 5 2  0 . 1 24 3 1 7  
6 5  0 . 2 34445 0.0667751 
70 0 . 2 2 6 2 2 7  -0.0336702 
80 0 . 283365 -0 .04 56886 
90 0 . 2 3 1 1 5  -0.0155753 
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ppe n d i x  3 1 .  F luorescence i nten i ty o r  I O-5M Tb3" after add i t ion of ct-D ( 1 00 ppm ) at 
I - 220 nm and A.,m= 547nm. F l uore cence i ntensit; \\ as corrected for d i l u t ion factor 
r Volume Of CI-D Tb' ions I ct-D A M (ppm ) Molar rat io, r FI uorescence i ntensit: 
( m l )  ( M )  [Tb' ]/[ct-D ] at 547 n m  
r 0 0.0000 1 0.0 (0.0) --- 108 . 2 1  0.002 9 . 99 E -06 9 . 9 9 E - 1 2  (0.999) 1 . 00E+06 101 . 88 -� 0.004 9.98E-06 2 E- 1 1  (0. 199)  5 .00E +05 96. 662 
0.006 9 .97 E-06 2 .9 9 E - 1 1  (0.299) 3 . 3 3 E+05 94.011 
0.008 9 . 96E-06 3 .98E- 1 1  (0.398)  2 . 50 E +05 9 4 . 6 1 3  
0 . 0 1  9.95 E-06 4 . 9 8 E - 1 1  (0.497) 2 . 00 E +05 93. 569 
0 . 0 1 5  9 . 9 3 E -06 7 .44E- 1 1  (0. 744) 1 . 3 3 E +05 9 3 . 198 
0.02 9 . 9 E -06 9 . 9 E - 1 1  (0. 990) 1 .00 E+05 89.664 
0.03 9 .85 E-06 1 . 4 8 E - I 0  ( 1 .478) 6 . 6 7 E +04 89 .907 
0.04 9 . 8 E-06 1 . 96E-1O ( 1 . 9608) 5 .00E+04 90. 869 
0.06 9 . 7 1 E-06 2 .9 1 E- I0 ( 2 . 9 1 3 )  3 . 3 3 E +04 9 2 . 664 
0.08 9 . 62 E-06 3 . 8 5 E - I0 ( 3 . 846)  2 . 50E+04 9 3 .966 
0 . 1  9 . 52 E -06 4 . 7 6 E - I 0  ( 4 . 7 6 2 )  2 .00E+04 9 6 . 4 1 1  
0 . 1 2  9 .43 E -06 5 . 66E-I0 ( 5 . 660) 1 . 67 E+04 98.67 
0 . 1 4  9 . 3 5 E-06 6 . 54 E - I 0  ( 6 . 5 4 2 )  1 .4 3 E +04 1 0 1 . 7 5  
0 . 1 6  9 . 2 6E -06 7 . 4 1 E- I0 ( 7 .407) 1 . 2 5 E +04 1 04 . 9 1  
f 0 . 1 8  9 . 17 E-06 8 . 2 6E- I0 (8 .257)  1 . 1 1 E +04 106.47 -
0 . 2  9 .09 E-06 9 .09E-I0 (9 .090) 1 .00E +04 108.03 
0 . 2 2  9 . 0 1 E-06 9 . 9 1 E- I0 ( 9 . 9 1 0 )  9 .09E+03 1 10 . 57 
0 . 2 4  8 . 9 3 E -06 1 .07 E-09 ( 10 . 7 14)  8 . 3 3 E +03 1 1 2 . 87 
0 . 2 6  8 . 8 5 E -06 1 . 1 5 E-09 ( 1 1 . 504) 7 . 6 9 E +03 1 1 5 . 05 
0 . 2 8  8 . 7 7 E -06 1 . 2 3 E-09 ( 1 2 . 2 8 1 )  7 . 14 E +03 1 1 5 .96 
0.3 8 . 7 E -06 1 . 3 E-09 ( 1 3 . 04 3 )  6 .67 E+03 1 1 7 . 89 
0 . 3 2  8 . 6 2 E-06 1 . 38E-09 ( 1 3.793)  6 . 2 5 E+03 1 1 8  
0.34 8 . 5 5 E -06 1 . 4 5 E-09 ( 1 4 . 530) 5 .88E+03 1 1 8.43 
0 . 3 6  8 . 47 E-06 1 . 53 E-09 ( 1 5 . 2 54 )  5 . 5 6 E +03 1 1 8.65 
-- ----- -
0 . 3 8  8 .4 E-06 1 . 6 E -09 ( 1 5 . 966) 5 . 2 6 E +03 1 1 8.71 
0.4 8 . 3 3 E-06 1 . 67E -09 ( 1 6.667)  5 .00E+03 1 18 . 3 1  
L 
I 
r I 
I 
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J r >pe n d j �  3 2 .  !- I uore cence i n ten i t ies of Tb \� ion ( 1 x I O·'ivl ) a fter add i t ion of d i fferen t  
ll l.!'i of  GQ ( 1 .27 1 0-4 ! ) us ing Ae,of 220 n ln .  and Aem of S-l7n ln .  Val ues \. ere 
corrected u i ng  the d i l u t i on factor 
� 11 1 added of GQ I 
0 
0 002 
0.004 
[Tb3+ ions ] [GQ] ( M )  
( M )  
0.0000 1 0 
9 . 9 9 E-06 1 . 2 687 E-07 
9 .98E-06 2 . 5 349 E -07 
Molar  ratio r, F luorescence 
[Tb3+)jGQ i ntens ity at 5 4 7  n m  
I --- 1 4 5 . 7 5  
78.74016 1 5 5 .49 
39. 37008 1 6 7 . 04 
� 
0.006 9 . 9 7 E-06 3 . 7986 E-07 26. 24672 1 74 . 1 1  
0 .008 9 .9 6 E-06 5 . 0598E-07 19. 68504 1 8 1 . 2 9  
1 9 . 9 5 E-06 6 . 3 1 84 E-07 1 5 . 74803 1 9 1 . 48 
I 0.015 9 . 9 3 E-06 9 . 4 54 1 E-07 10. 49869 207 . 2 2  
� -
0.02 9 . 9 E -06 1 . 2574 E-06 7. 8740 1 6  2 19 . 79 
0.03 9 . 8 5 E-06 1 . 8768E -06 5 . 249344 2 3 9 . 1 6  
0 .04 9.8 E-06 2 . 4902 E-06 3 . 937008 240 . 58 
I 
0.05 9 . 7 6 E-06 3 . 0976 E-06 3 . 1 49606 2 4 3 . 58 
I 
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ppe n d i x  33. F l uore cence i n ten i t) of equ i mo lar Tb3 and Gd3T( 1 x 1 0-5 1 )  each "" i th 
add i t ion of d i fferent \olume of Q 0 A ( 1 .27:-.. I 0-4 I ) . Measurement \ ... as done at "-ex = 
220 nm . /-em'- 547n m .  Re u l ts \\ ere rrected us ing the d i l u t ion fa tor 
MI added of Tb3+or Gd3+ [GO] ( M )  Molar  rat io , r F luoresce nce i ntensity 
GO cone .  (M)  [Tb3+ or G d3+ /GQJ at 547 n m  
----
0 0 .0000 1 0 - 1 2 6 . 1  
0 . 002 9 .99 E -06 1 . 27 E-07 78.74016 1 3 6 . 6 1  
0.004 9 . 98E-06 2 . S3E -07 39.37008 146.92 
0.006 9 . 9 7 E -06 3 . 8 E-07 2 6 . 24672 1 55 . 5 1  
0.008 9.96 E-06 5 .06E -07 1 9 . 68504 1 6 5 . 5 6  
0 . 0 1  9 . 9 5 E-06 6 . 3 2 E-07 1 5 . 74803 1 79 . 6 3  
0 . 0 1 5  9 . 9 3 E -06 9 .45E-07 1 0.49869 2 0 1 .68 
0.02 9 . 9 E-06 1 . 2 6 E-06 7 . 8740 1 6  2 2 2 .66 
0.03 9 .85 E-06 1 . 8 8E-06 5 . 249344 2 5 6 . 3 1  
0.04 9.8 E-06 2 .49E-06 3 . 937008 2 7 1 . 85 
0.05 9 . 7 6E -06 3 . 1 E-06 3 . 1 49606 2 8 3 . 2 7  
0.06 9 . 7 1 E-06 3 . 7 E-06 2 . 624672 285 .02 
0.07 9 .66E-06 4 . 2 9 E-06 2 . 2497 19 2 85 . 1 2  
0.08 9 .62 E-06 4 . 88E-06 1 . 968504 280.75 
I 
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A p pen d i -x  3.t.  � I uore. cen e i n tens i l) of Tb3�- Q formed by m i x i ng Tbh ions ( ( l x l O·5 
\ 1 )  \\ i th GQ ( 1 .88, 1 0.6 1) a a funct ion of Gd3- ions concentrat ion ( l x l O·5 M) .  
leasurement \\ as done u ing I.ex - 220 nm.  t-em= 54 7nm i n  Tr i  -KCl  bu ffer. pH 7 .4 
M I  added of 1 0'� I [Tb '+ ion I [GQ] (M)  [Gd
'+ ions] Fl uorescence i ntensity 
M d1 ions ] ( \1 )  ( 1 )  at 547 nm 
0 0. 0000 I 1 . 88E-06 0 238.65 
--
0.002 9.99 1::.-06 1 . 88 E-06 9 . 99E-09 229.76 
0.004 9.981::. -06 1 . 88E-06 2 E-08 226. 5 1 
0.006 9 . 97 E-06 1 . 87E-06 2 . 99 E-08 220. 1 5  
0.008 9 . 96E-06 1 . 87 E-06 3 . 98 E-08 2 1 7. 5  
0.0 1 9 .95 E-06 1 . 87 E-06 4 . 98 E-08 2 1 4 . 99 
0 . 0 1 5  9 .93 E-06 1 . 8 7 E-06 7 , 44 E-08 2 1 0. 7 7  
0.02 9 . 9 1::.-06 1 . 86 E-06 9 . 9 E-08 207 . 3 8  
0.03 9 .85 [-06 1 . 85 E-06 1 , 48 E-07 203 . 2 1 
0.04 9 . 8 E-06 1 . 8-1 E-06 1 . 96E-07 2 02 . 8  
0.05 9 . 76 E-06 1 . 8 3 E-06 2 ,44 E-07 202. 3 8  
0 .06 9. 7 I E-06 1 . 83 E-06 2 . 9 1  E-07 202.24 
0.07 9.66E-06 1 . 82 E-06 3 . 3 8 E-07 205 . 2 8  
0.08 9.62 E-06 1 . 8 I E-06 3 . 8 5 E-07 208.2 5  
0. 1 9 . 5 2 E-06 1 . 79 E-06 4 . 76E-07 2 1 1 . 92 
0. 1 2  9.43 E-06 1 .  77E-06 5 .66E-07 22-1 .28 
0 1 -1- 9 . 3 5 E-06 1 . 76E-06 6.54 E -07 232 . 1 8  
0. 1 6  9.26E-06 1 . 74 E-06 7 , 4 1 E -07 24 1 . 76 
0 . 1 8  9 . 1 7 E-06 1 . 72 E-06 8 . 26E-07 250.83 
0 2  9.09 E-06 1 .  7 1  E -06 9.09E-07 26 1 .93  
0 .22 9 .0 I c -06 1 . 69E-06 9 . 9 1 E-07 269.72 
